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ABSTRACT.
The synthesis of some conjugated 1:3 di-imine Schiff’s base 
ligand hydrochlorides, together with an investigation into their 
behaviour as ligands in acidic and basic media, is described.
The conformation of some of the ligands has been investigated 
by means of comparisons between calculated electronic spectra, 
based upon an assumed Beometry, and the observed spectra.
The microsymmetry of the metal environments in the first- 
row transition metal complexes cannot be unambiguously deduced 
from the electronic spectra and room temperature, solid state, 
magnetic moments•
Of principal interest are the isotropic proton resonance 
shifts of the bis (iminato) cobalt (II) and nickel (II) complexes. 
These are interpreted in terms of a dominant contact shift 
interaction stemming from partial delocalisation of an electron 
of j3-spin from the highest filled bonding n molecular ©tkifccd into 
metal 3d-atomic orbitals of appropriate symmetry.
Evidence for concurrent delocalisation involving the ligand 
6 «^bond system, rotation of the phenyl groups, unusual proton 
spin-spin relaxation effects, attenuation of spin density into 
the second ring of a biphenyl unit, and the presence of the 
pseudocontact interaction in the cobalt (II) complexes, is also 
presented.
The literature appertaining to isotropic proton resonance 
shifts of complexes of divalent nickel and cobalt is reviewed.
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CHAPTER ORE.
Isotropic proton resonance shifts 
in complexes of divalent nickel and cobalt.
Part I. Theory.
The presence of a paramagnetic centre in a tumbling molecule 
can lead to additional factors contributing to the local magnetic 
field sensed by the resonating nuclei. If the appropriate mechanism 
is operative, whereby the unpaired electron has a finite probability 
of occupying a hydrogen Is atomic orbital, then a direct ’’contact" 
interaction between the electron and the hydrogen nucleus can occur, 
the "s" atomic orbital being nodeless at the nucleus. A through- 
space, dipole-dipole interaction can also contribute to the local 
magnetic field of the resonating nuclei if the g-tensor of the system 
is anisotropic. This anisotropy imposes preferred orientations of 
the principal axis of the g-tensor of the paramagnetic molecule to 
the applied magnetic field; the Bttownian motion is then not entirely 
free from constraint. This effect is called the pseudocontact shift. 
As these shifts rarely average to zero in the tumbling complex, the 
common adjective "isotropic" is appropriate.
The first calculation showing that there is a unique electron-
nucleus interaction for electrons in spherically symmetric orbitals
was performed by Fermi \  This Fermi contact interaction has a form
2different from that of the classical dipole-dipole interaction .
3
Koide and Oguchi have derived the Fermi contact expression from the
A
classical form, whilst Jarrett insists that only the rigorous 
relativistic derivation is valid.
5McConnell and Chesnut have discussed the transfer of unpaired
electron spin from the n-system of a planar, aromatic, free radical
to the Is orbital of an attached hydrogen atom in terms of a -C-H
fragment. The Fermi contact Hamiltonian may be expressed, for large
applied magnetic fields, as
y
H = ha^ ^ 1 ^       ... (1)
where is the total z-component of electron spin, 1^  is the
z-component of nuclear spin of proton N in units of and is
the coupling constant for proton N. In a system characterised by
a paramagnetic relaxation time T^, or an exchange time T^, if the
reciprocal of either of these is much greater than the coupling
— 1constant a^ (secs. ), then the proton N will interact with a time
averaged value of the hyperfine field. The effective spin Hamiltonian
is then,
H s ” 27laN LJL < 0   ^    ^
where ^S^^is the time average value of the z-component of the electron 
spin. For systems obeying the Curie Law,
H = -yfo (1 «• 2™,.^  -■/| g (^ 1)) Ho .......  ... (3)
From equation 3 it may be seen that for protons, where the nuclear
magnetic moment (^) is a positive quantity, a positive value of a^ 
will give contact shifts to low applied magnetic field at constant 
spectrometer frequency.
5
McConnell and Chesnut have given three methods for the theoretical 
treatment of the -C-H fragment.(1).A single configuration valence 
bond method gives an estimated a ^  of from -20 to -200MHz.(2). A 
molecular orbital model with sigma-it configuration interaction gives 
almost identical results(3). Unrestricted Hartree-Fock calculations 
also give a negative value of the coupling constant. Thus, in either 
case upfield contact shifts at constant spectrometer frequency are 
anticipated for aromatic protons sensing a net" a spin. The unpaired 
spin density in a carbon 2jD, orbital,^, is so defined that 2_^=2S, 
where S is the total unpaired electron spin of the molecule. A 
simple proportionality is established between and a^
a^ = ... ... ... ... ... ( ^ )
where Q is a semi-empirical constant v/ith a value of the order of 
-22.5 gauss or -63MHz, for a planar aromatic free radical.
The various calculations which may be performed to estimate the
distribution of spin density in k systems have been discussed in a
6recent article by Amos and hall . A convenient method, which has been
7widely used, is described and discussed by MeLachlan , and the theory
8
of spin density in sigma systems has been expounded by Malrieu,
9
The equations in common use for the interpretation of the proton 
magnetic resonance spectra in paramagnetic systems in the presence 
and absence of a configurational equilibrium are, respectively,
/Ah\ = -d.‘. £e . gj3S(S + 1). [exp^G + 1*1 ... (5)
M i  ■ / i 1 V -3"1 L KT Jo 5 N 3KT L  J
(A&\ = -a. e • g 0S(S + 1)   (6)
wheremagnetogyric ratio for electron or proton; =free energy 
change associated with the configurational equilibrium.
These equations imply that complete delocalisation of all the
unpaired electrons in themetal 3^ atomic orbitals occur over the
whole complex ion or molecule. Attention is drawn to the marked
difference in temperature dependence predicted by the above equations.
The inclusion of spin-orbit coupling into the theory of the temperature
dependence of the proton magnetic resonance spectra of paramagnetic,
octahedral complexes is discussed at length by Golding^, and, for
11divalent cobalt in particular, by Jesson
12Bloembergen and Dickenson have suggested that the isotropic
shift in paramagnetic systems could arise from a through-space,
dipolar interaction which was not averaging to zero in solution.
13McConnell and Robertson have treated this isotropic pseudo-contact 
interaction in considerable detail for axially symmetric systems.
For rapid tumbling, characterised by a correlation time T,
~ ® HclTr) with the electron spin-lattice or exchange
13times much longer than the tumbling time, McConnell and Robertson give
A h . - + - .gjj ... (7)
= distance from proton site to metal centre 
Q  s angle between Vector and the principal symmetry axis
£ * ! p) Ho S(S + 1)
3 3KT
For very rapid electron relaxation or exchange and with rapid
13 l^ ftumbling ( T ^ / T ^ T ) a correction of signs * gives
H = -  ?cos 3 ~ 1 Jj , | p | . ( 3 g n2 + g ^ g j-  kg^2) ... ... (8)
'La Mar suggests that the use of the former equation may well 
be inappropriate for paramagnetic media containing divalent nickel 
and cobalt where the electron relaxation times can be exceedingly
*13 11rapid (10-V  sec.)* Jesson quotes pseudocontact and contact 
expressions for a variety of inter-relationships feetween tumbling 
time, electron relaxation or exchange time and the Zeeman anisotropy 
energy, (g„ - i L  p h/  •
A general and rigorous discussion of the theory of relaxation 
in the nuclear magnetic resonance of paramagnetic media may be found
15
in the book by Abragam , in which he includes a discussion of the
16behaviour in strong radiofrequency fields. Solomon has derived
expressions for the relaxation of spin-half nuclei in paramagnetic
solutions for the specific case of the relaxation being induced by
17the dipole-dipole mechanism, whereas Bloembergen and Morgan have
discussed proton relaxation times in paramagnetic media, when both
the dipole-dipole and contact interactions are operative. The 
17expressions they quote, which may also be found in Eaton and 
9
Phillips , are
jji- = k S(S .♦ 1) s2?2* 2 ”h r-6[3r  + 7 t a  + w/-r02r 1]
V
+ | S(3 + 1) A2£2 ^  ' f a  + ws2 % 2)~1 ... ... (9)
p
These are valid for 1 and w«£w , where wT and w are the resonantI c I s  I s
frequencies of the proton and electron, respectively, in the applied
—11field.TT* is 10 seconds, or smaller., c
- nuclear longtitudinal relaxation time
T2 « nuclear transverse relaxation time
S - electron spin quantum number
Yj s= nuclear magnetogyric ratio
n^ = number of nuclei in solvation sphere
N = molar concentration of nuclei under consideration.
P
N = molar concentration of paramagnetic ions
w SB - electronic Larmor precession frequency »
s
r 0 = characteristic time for the electron-nucleus dipolar
interaction.
X* = correlation time for the hyperfine interaction.
A = electron-nucleus isotropic hyperfine coupling constant
^nh = 1 for systems with no exchange
N
Part II. Experimental.
a. Introduction.
The convention has been to compare the proton magnetic resonance 
spectrum of the paramagnetic complex with that of the free ligand, 
or an analogous diamagnetic complex. Once assignment of the signals 
in both spectra to particular proton sites has been decided, then 
those protons with signals moving upfield on chelation to the 
paramagnetic metal ion have been said to display positive isotropic 
shifts, the magnitude of a given shift being expressed in cycles 
per second at constant, quoted, spectrometer frequency and given 
temperature.
11Jesson has pointed out that the assumption of magnetic isotropy
for divalent nickel and cobalt is only justified when the former is
placed in a perfectly octahedral environment, and the latter in a
perfectly tetrahedral environment, both metal ions then having
18orbitally non-degenerate ground terms . The isotropic shifts 
displayed by complexes of divalent cobalt, with the central metal 
ion in environments of various micro-symmetries, have usually been 
interpreted in terms of concurrent contact and pseudocontact inter­
actions, whereas those displayed by compounds of divalent nickel in 
environments of various microsymmetries have almost always been 
interpreted in terms of a contact shift alone. The assumption of 
magnetic isotropy for the complexes of divalent nickel lias frequently 
led to a reasonable interpretation of the proton magnetic resonance 
spectra. This isotropy has rarely been proven, but has been assumed 
from the non attenuation of the observed isotropic shifts with 
distance of the proton site from the metal, and the overall success 
of the interpretation in terms of contact shifts alone.
Delocalisation of the unpaired electron into the u-system of the 
ligand has been suggested as the dominant delocalisation mechanism
far more frequently than has delocalisation into the (f-system* 
Satisfactory evidence for it-delocalisation has, conventionally, been 
the non-attenuation of the observed shifts with increasing proton- 
metal separation, the alternation in sign of isotropic (contact) 
shift between neighbouring protons, and the reversal in sign of 
isotropic shift between an aromatic proton and the protons of the 
methyl substituent at that same position in the aromatic ring.
In the following discussions, unless stated to the contrary, the 
average g value of the g-tensor will have taken from the magnetic 
susceptibility and, for reasons described acove, the dominant 
electron delocalisation mechanism will have been taken to be one 
of Tt-delocalisation*
b. Isotropic Shifts in magnetically isotropic systems.
19Van JHecke and Horrocks have demonstrated the magnetic 
isotropy of a system containing two phosphorus atoms and two halide 
ions in approximately tetrahedral disposition about a divalent 
nickel ion, by electron spin resonance measurements which gave an average 
value of g=2.2l8. Their subsequent interpretation of the observed 
isotropic shifts, without resort to a pseudocontact interaction, 
was thus justified.
The occurence of an isotropic g-tensor for divalent nickel in 
an axially distorted tetrahedral environment shows that the assumption 
of magnetic isotropy for tetrahedrally and pseudo-tetrahedrally
co-ordinated divalent nickel ^  is not, categorically, a bad one.
.. \ pO-45
(i) Systems with configurational equilibria
Tne observed isotropic shifts of systems undergoing equilibria 
between diamagnetic and paramagnetic forms have a non linear 
dependence upon reciprocal temperature, and have been interpreted 
using equation (5) which, for a positive value ofAg, predicts an 
increase in the contact shift with increasing temperature. Linearity
of the plot of the values of A G  against temperature, and the negative 
slope, have been taken as satisfactory proof of the validity of the 
application of equation (5)* The systems studied have displayed 
only one set of lines, and a rate of conversion between the configur­
ations, at least an order of magnitude greater than the largest 
observed isotropic shifts (expressed in frequency units), has been 
proposed to account for this. The position of any one of the lines 
represents a population weighted average between its position in 
each of the species involved in the equilibrium.
The configurational equilibrium in compounds of four-co- 
ordinated nickel (II) is considered to be:
square planar <----^ tetrahedral
(diamagnetic) (paramagnetic)
spin singlet spin triplet*
The following series of complexes, containing four-co-ordinated 
divalent nickel, gave isotropic shifts which were successfully 
interpreted by equation (5)j and are thought to exhibit equilibria
of the above type in solution:
» 20—30
bis (N:N -disubstituted amino tropone iminato) nickel (II)
ATI , bis (N-substituted salicylaldiminato) nickel (11)^*^.
SA , bis ((3-keto, N-substituted aminato) nickel (11)*^ KA , bis
40
(pyrrole-N-substituted-2-aldirainato) nickel (II) PA , bis 
(-o-hydroxy N-substituted naphthaldiminato) nickel (II) HN •
An interesting study of an extensive series of new compounds
ATI has been published^ ^  by Eaton and his co-workers. The
form of equation (5) used by these workers has been shown to be
9incorrect, and the error has since been acknowledged. .
The early interpretation of these complexes was in terms of
four co-ordinated nickel (II), in a square planar ligand field, with
20
a spin-triplet ground term , but this lias since been altered in
favour of the configurational equilibrium shown above. Details of
27
a large number of these equilibria have been published , wherein 
a notable exception was the bis-(N:N' diethyl amino tropone iminato) 
nickel (II) complex, which gave isotropic shifts following the Curie 
Law. (equation 6).
The details of the distribution of an unpaired electron in the
21 22 23K-bond system has been described, ’ 1 in which interpretation
was aided by simple valence bond diagrams. The observed shifts 
were in accord with net a-spin delocalised into the highest filled 
bonding orbital, with positive spin densities at starred carbon 
atoms of this odd-alternant system*
26A number of scalar coupling constants (J) have been given 
for E-groups which give second order spectra in diamagnetic compounds*
It was suggested that the narrow line widths (l-2Hz), enabling 
scalar coupling constants (J) to be determined, had arisen from 
additional narrowing brought about by the motion in the configurational 
equilibria.
29Mixed chelate complexes have been studied , in which it was 
found that the spin density delocalised to one ligand was enhanced 
at the expense of that delocalised to the other ligand. A range of 
ligandfc were compared with a reference ligand, enabling a measure of 
competitive effectiveness of spin-withdrawal to be made.
29An interesting discussion took place between Eaton and Phillips 
32and Lin and Orgel*' concerning the ordering of the J>d-atomic orbital 
energies in the ATI compounds. (Figure 1.)
32Lin and Orgel favoured their scheme because it enabled an 
unpaired electron to be delocalised only onto one ligand at a time 
enabling a competitive system to be set up between electron distributions 
(a) and (b) (see Figure 1).
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Eaton and Fhillips^ discussed the interplay between the orbital 
overlap effect, by which means the unpaired electron is delocalised, 
and the electrostatic crystal field effect. They decided that the 
former dominated, resulting in the 3<i-atomic orbitals of irreducible 
representation in the point group being highest in energy, 
because the spin density distribution was sensitive to substituents 
12-132 from the metal ion, and the differences in spin density 
distribution between two ligands, in a mixed chelate complex, 
diminished with falling temperature.
The transfer of spin density along alkyl chains, across
30saturated rings and across carbonyl groups has been discussed in 
terms of hyperconjugation followed by, perhaps, sufficient - 
delocalisation to permit observable shifts at positions remote from 
the point of attachment to the n-system; spin polarisation effects 
beyond the first Carbon . atom; direct overlap between the hydrogen 
Is atomic orbital and the rc-orbital containing the unpaired electron. 
The latter effect was invoked; in particular, for the terminal methyl 
group in a long alkyl chain.
-36The SA c o m p o u n d s w i t h  branched alkyl chain substituents
3kgave isotropic shifts which were interpreted using a temperature 
dependence of the form Tnr (Ag\ J7-1 rather thanf^-v TagI -JJ -1LTexpl™) + 31 lT(exP^ ! + 3) j
which previously been accepted (although see Hef.31)« Other physical 
data, relevant to the proposed presence of a configurational equilibria, 
have also been published . Deviations from linearity of the plot 
ofAg values against temperature were attributed to the onset of an 
associative equilibrium at low temperatures, and the untypical Curie 
Law; (equation 6), dependence of the isotropic shifts of the bis 
(salicyl N-tert-butyl addiminato) nickel (II) complex was attributed 
to the large bulk of the tert-butyl substituent, which prevented the 
presence of detectable amounts of a planar configuration.
All proton magnetic resonance signals, for the bis (salicyl N-
3ksec-butyl aldiminato) nickel (II) complex, appeared in pairs •
The presence of two distinct paramagnetic configurations was proposed - 
a racemic and a meso form - as the proton magnetic resonance spectra 
of the diamagnetic planar palladium and tetrahedral zinc chelates 
were identical. The nickel (II) complex derived from optically 
active amine gave a proton magnetic resonance spectra consisting of 
one set of lines corresponding to those with the larger isotropic 
shift in the paired system.
Within the limits of the experimental line widths, which were
sufficiently broad to obscure any scalar (J) coupling, the spin
density in the two aryl rings of the SA complexes were identical,
29favouring the model of Eaton and Phillips for the ordering of the 
3d-atomic orbital energies, with those of irreducible representation 
b^ and highest in energy, in these complexes with the metal 
environment belonging to the point group. The mechanism whereby 
inequality in spin density distribution between two chelates is 
generated, ih mixed chelate complexes of the SA type, has not been 
decided upon^.
39The dominant delocalisation mechanism in the KA complexes 
has been given as the transfer of {3-spin from the highest filled 
molecular orbital of the ligand, to the metal, although the large 
downfield isotropic shift (-l4, **10 Hz; 60MHz) of the unique proton 
in the iso-propyl substituent, has been taken as evidence for 
concurrent delocalisation of a-spin into the<r-framework of the ligand 
bonding system.
39Complexes of the KA type , with branched-chain alkyl 
substituents gave isotropic shifts which were interpreted using 
equation (3) together with the following equation:
A  G = ST In 'it - 1 (ii)
\ M
= S J 2
^ l  = measured magnetic moment.
31 .Horrocks has since shown that the values of A G  obtained from
equation (11) were too high by a factor of ST In 3« Non-linearity
of the plot of the A G  values against temperature was again attributed
to the onset of associative equilibria at low temperatures.
The energy of the higher filled molecular orbital in pyrrole-
ifQ
2-aldimine was reported as being more favourable for electron
delocalisation by a back donation process than that of amino tropone
imine. The placement of an unpaired electron of a spin into this
molecular orbital gave a spin density distribution in accord with
AO
the isotropic shifts observed for the PA complexes . The spin
7
density distribution, calculated by McLachlan’s procedure , was very 
sensitive to the choice of the ^ -parameter, this sensitivity resulting, 
perhaps, from the application of a formalism appropriate for an 
alternant hydrocarbon to a non-alternant, hetero-atomic molecule.
The large downfield shift of the unique proton in the N-
bO 39isopropyl substituent (-10, 350 Hg, 6OMJ5) was again taken as 
evidence for the concurrent delocalisation of unpaired electron oc- 
spin into the 6 -framework of the ligand bonding system.
The ability to stabilise the tetrahedral form relative to the
bOplanar form was given as increasing in the order :
pyrrole salicylaldimines ^-keto-amines
2-aldimines
33-36Complexes of the SA type with an additional co-ordinating
b2centre on the N-substituent exhibited behaviour analogous to that of 
previously described complexes of their type at temperatures above 
room temperature. However, at room temperature and below the labile
fifth and sixth metal-ligand bonds were sufficiently thermally 
stable to place the nickel ion in an environment of octahedral or 
pseudooctahedral microsymmetry. The configurational equilibrium 
was no longer operative, and the isotropic shifts followed the Curie 
Law (equation 6).
For the octahedral form, the spin containing -atomic orbitals 
are of Asymmetry with respect to the ligands. The problem of 
placing the required a-spin into the ligand Tc-bond system remained
42unresolved .
ifpComplexes closely related to those just described had less
ifX iflf I4.5
labile metal-ligand bonds and partook in the equilibrium ’ *
square planar 4r ^ octahedral
(diamagnetic) (paramagnetic)
spin singlet spin triplet
at higher temperatures, although the isotropic shifts followed the 
Curie law (equation 6) at room temperature and below.
Some of these complexes had the additional complication of 
two concurrent equilibria,
penta-coordinate six co-ordinate
(paramagnetic) (paramagnetic)
spin triplet
four coordinate 
(diamagnetic) 
spin singlet
which prevented any quantitative treatment of the observed isotropic 
shifts.
The mechanism of electron delocalisation into the ligand Tu-bond
network from metal orbitals of sigma symmetry has been discussed by 
45
La Mar . The polarisation by an unpaired electron of symmetry of 
the 3d-atomic orbitals of Tc-symmetry, or of the ligand rc-bond system
f spin triplet
was rejected in favour of the proposal that a lowering of the ligand
field symmetry below that of octahedral could be a means whereby
the exclusive (^character of the hitherto e metal 3d atomic orbitals
g
was removed.
(ii) Systems following the Curie Law*
The characteristic behaviour of the isotropic contact shifts of 
static systems is their linear variation with reciprocal temperature, 
the magnitude increasing with falling temperature, and their 
insensitivity to varying concentrations of added free ligand.
The proton magnetic resonance spectrum of bis cyclo-penta-
*f6dienyl nickel has been reported to consist of one upfield shifted 
signal, this shift being greater than that predicted by bulk
h6susceptibility effects. The shift was explained in terms of a 7t- 
polarisation mechanism j placing j3-spin into the ligand %-bonding 
system, and was interpreted by the equation
4| = F. Q.|e _ Kg s(s + 1)
ON  6kt
F= fraction of time an electron spends on one ligand.
Q= 30 gauss
The value of F being close to 0.5.
More recent results have suggested that the neglect of the
pseudo contact interaction in bis-cyclo pentadienyl nickel was a
k7reasonable approximation •
The extent of electron delocalisation onto the ligands in the 
bis (triauyl phosphine) nickel (II) halide complexes^*^ was an 
order of magnitude smaller than in the ATI complexes^0"^0 , and 
permitted the resolution of scalar (j) couplings.
The predominance of downfield isotropic (contact) shifts 
observed for the bis-pyridine and bis-picoline nickel (II) iodide 
complexes^0, was explained by the suggestion that the dominant electron
dolocalisation J3ioohaniism placed th© unpaired- electron into the — 
bond, system of the ligands* The only upfield shift, that of the 
)f- methyl protons, was explained on the basis of a small extent of 
concurrent electron delocali&ation into the ligand 7t-bond system, 
which, at the -position alone, dominated the then attenuated 
<5“lsystera spin density.
51 52Extended Hiickel M.O. calculations 1 suggested that the 
unpaired electron had been delocalised into the highest filled 
(p- molecular orbital of the pyridine ligand*
The trimer formed by self condensation of o-amino benzaldehyde,
when chelated to nickel (II) nitrate and nickel (II) iodide, gives
53molecules for which isotropic (contact) shifts have been observed .
-6The large line widths showed an r~ dependence, the large width being 
caused, in part, by the high viscosity of the solvent (deuterated 
dimethyl sulphoxide) and the relatively high power levels necessitated 
by the low solubility. The presence of unpaired electron spin in 
the ligand Tt-bond system (highest filled molecular orbital) was 
deduced from the observed isotropic shifts, and a "propeller” 
distortion of the ligand was proposed as a means whereby the symmetry 
of the metal environment could be lowered sufficiently below 
octahedral, allowing direct overlap between metal 3d-atomic orbitals 
containing unpaired electrons and the ligand Tt-molecular orbitals*
ch
The hexa (n-alkylamine) nickel (II) perchlorate complexes 
gave proton magnetic resonance spectra which showed that the 
protons undergo an upfield isotropic (contact) shift, whereas the 
alkyl protons gave rapidly attenuating downfield shifts.
(a-CEL, -2.2 KH ; n-propyl-CH,, -15H ; 60MH ).c. ■ < . ft. j Z Z
The nature of the delocalisation mechanism was not discussed in 
detail, no satisfactory explanation being found for the isotropic 
(contact) shift of the protons, although the effect of rotation
upon the form of the lone-pair, presumed ’’spin acceptor”, orbital was 
discussed for ethylamine. Attention was drawn to the differences
Isotropic (contact) shifts have been observed for certain 
’’trigonal bipyramidal” complexes of divalent nickel, the ligand
The solvent dependent splitting of each aromatic ring proton signal 
was considered to arise from non-equivalence of the two aromatic 
rings . Solvents with high dielectric constants imposed larger 
splittings, in which media a cis-disposition of the two aromatic 
rings was suggested.
The isotropic (contact) shifts observed in the proton magnetic 
resonance spectrum of the bis-(Pyrro-methenato) nickel (II) c 
were explained in terms of the unusual metal to ligand transfer of 
an unpaired electron of a-spin, the ligand molecular orbital being 
the lowest unfilled (antibonding) Tt-orbital. The isotropic (contact) 
shifts of mixed chelate complexes were also reported, where the two 
ligands were pyrromethene and N:N* diethyl amino-tropone-imine. The 
differences in spin density were found to increase with falling 
temperature, favouring the ordering of 3^-atomic orbital energies 
proposed by Lin and Orgel*^ (see Figure 1). Eaton and lalancette^ 
pointed out that, in this circumstance, only one electron can be 
delocalised from the metal at a time, and gave the spin densities, 
obtained from experiment, normalised on both S=1 and (the
it may be shov/n that s ’ was not always taken as being equal to S, 
although no indication was given that a difference might exist, the
54
in spin density distribution between these alkyl groups and those
30described by Eaton *
55
being formed from two salicyl-aldehyde units linked by a triamxne
McConnell relation was misquoted as
If the expression they used for p . is written as
distinction of a prime S in the numerator being omitted. The values 
of S=l, S 1-l and S=l, S*=J give the 2:1 ratio of normalised spin 
densities recorded in Table 1: of reference 56*
The study of the isotropic (contact) shifts in the proton
magnetic resonance spectra of complexes of the type 0^ 2X2 (L=
pyridine, picolines, hexamethyl phosphoramide, X=C1, Br, I, CNS) has
57 58 59led to an interesting interchange of ideas ’ 1 , although interest
has centred upon the change in isotropic (contact) shift with change
in anion, rather than upon the unusual proposition of magnetic
isotropy for divalent cobalt in an environment of pseudotetrahedral
57microsymmetry. The principal claim of *vayland and Drago , that a 
molecular orbital effect was responsible for the observed increase
- - - 58in isotropic (contact) shift Cl Br I , was answered by la Mar 
with the comment .....  there is no assurance that the structure of
pQ
the complexes is invariant with change in halide.... La Mar showed 
that, for a constant halide ion, increases in steric hindrance, 
produced by alkylation at various positions, gave increased isotropic 
(contact) shifts, analogous to the trend with changing halide ion.
For this reason a dominant steric effect was proposed to account 
for the change in isotropic (contact) shift.
59Drago and wTayland have since pointed out that the isotropic
(contact) shift is reduced by methyl substitution at the 2-position,
whilst a model showed that a methyl group in the ^-position offered
no steric hindrance. The fact that methyl substitution at the 2-
position gave a difference of 560 H (60MH ) between the hithertoz z
equivalent 3 and 3 protons prompted their remark that complete 
knowledge of the wavefunctions was needed before inter-ligand 
comparisons could be made.
(iii) Systems with chemical exchange.
The magnitudes of the isotropic proton resonance shifts observed
in systems with chemical exchange are determined by a population
weighted average between the chelated and unchelated exchanging
ligand. The magnitudes of the isotropic proton resonance shifts
are thus concentration dependent, the absolute magnitudes being
sometimes obtainable by extrapolation to zero concentration of
unchelated species. Delocalisation of unpaired electron spin into
the exchanging ligand takes place during its time within the
co-ordination sphere of the metal.
The isotropic (contact) proton resonance shifts of the following 
systems have been studied:
triaryl phosphines^, benzo isonit rile^, benzonitrile^, 4-nitro-
pyridine 1-oxide^, quinoline-1-oxide^, iso-quinoline-2-oxide^*
pyridine0*^, the picolines^, and pyridine and picoline-N-oxides^*^
all separately* in exchange with bis-(acetyl acetonato) nickel (II);
pyridine, the picolines, pyridine and picoline-N-oxides, triphenyl
phosphine and triphenyl phosphine oxide exchanging separately with
66
tetra pyridine nickel (II) ; 4-vinyl-pyridine exchanging with nickel 
67 63(II) chloride ; and hexamethyl phosphoramide , N:N dimethyl amide
69
and lactams exchanging, separately, with nickel (II) perchlorate.
The presence of unpaired electron spin in the highest filled
7t-molecular orbital was proposed for the majority of the above ligands.
presence of unpaired electron spin in the ligand -bond system
was tentatively proposed for pyridine and the picolines^ and
definitely proposed for 4-vinyl pyridine . The placement of £-spin
into the lowest empty antibonding rc-molecular orbital of benzo-
6lnitrile, by a metal to ligand transfer process, was suggested .
This is in.direct disagreement with a remark by Saton^ that...the 
metal to ligand charge transfer must result in the delocalisation of 
positive spin.....
c. Comparative discussions involving magnetically anisotropic 
systems.
The disparity between the isotropic proton resonance shifts of 
analogous cobalt and nickel complexes has frequently been explained 
in terms of an additional pseudocontact interaction being operative 
in the former, the observed isotropic shift of the cobalt complexes 
being then made up of the sum of contact and pseudocontact shifts.
Any attempt made to compare analogous cobalt and nickel spectra is 
usually only valid if the latter is magnetically isotropic. Even 
if the nickel complex is magnetically isotropic an effective comparison 
is still difficult.
70Eaton has given the Equation
where S = the total electron spin and 2S' is the number of unpaired 
electrons of appropriate symmetry for delocalisation into the ligand 
bonding system. S=S’=1 has been the usual choice for four-co-ordinate 
divalent nickel systems, whereas the overall similarity in the proton 
magnetic resonance spectra of the four co-ordinate divalent cobalt 
analogs has led to the choice of S= /2, S'=l. Even if the appropriate 
choices of S' are made, the isotroxaic contact shift in the cobalt 
complexes cannot be estimated from their nickel analogues, because 
the extent of electron delocalisation differs by an unknown amount.
The estimation of the sign and magnitude of the pseudocontact 
interaction requires detailed knowledge of the electron spin-lattice 
relaxation time, the tumbling time, g , g^, and the geometry of the
In most cases, the majority of the required data has not been 
available, and the pseudocontact interaction has been estimated by
4 h
H
system.
one of two closely related procedures^
65The "delocalisation ratio" procedure expresses the isotropic 
proton resonance shift of a cobalt complex as
^ C o  = ^  + P (T,g„, gx ). f(0, r).
where = isotropic (contact) shift of nucleus i in the analogous
i
nickel complex
K * "delocalisation ratio"
P = a constant factor for all i
2
f(£,r). = geometric factor J>cos Q-l of nucleus i from an
1 3r
assumed geometry.
The appropriate choice of geometry is that which will lead to 
agreement between the K and P values over all protons i.
The "factoring procedure" has been described, and severely
71criticised by Wicholas and Drago . A given proton site is assigned 
an unknown value of pseudocontact shift X. An assumed geometry 
permits the expression of all other pseudocontact shifts in terms of 
X, with which the observed isotropic proton resonance shifts of the 
cobalt complex can be adjusted, the result being a set of predicted 
isotropic contact shift in terms of X. The ratios of any two of these 
predicted isotropic contact shifts, when equated to the analogous 
ratio of observed isotropic contact shifts in the nickel complex, 
yield a value for X. The appropriate choice of geometry is that which 
will lead to a constant value for X for any chosen pair of signals.
A description of the appropriate forms of the P(Tfg , g^) 
functions has been given, together with comment upon the choice that 
should be made^ ’^ .
(i) Pseudocontact shifts in octahedral systems.
The non-applicability of the "factoring procedure" to complexes 
of divalent cobalt and nickel with a-a * dipyridyl has been demonstrated*^, 
because no constant value of X could be found. The authors stressed
that the factoring procedure depended upon identical delocalisation 
mechanisms in the nickel and cobalt analogues, and expressed the 
opinion that this was unlikely, in view of the difference in unpaired 
electron distribution between the metal 3d atomic orbitals, in metal 
environments of 0^, and micro symmetry.
A very detailed treatment Of the trigonally distorted "'octa­
hedral” poly (1-pyrazolyl) borate complexes with divalent cobalt
73and nickel has been given, the emphasis being on the former
for which values of gj, and gj_ had been obtained from electron spin
resonance measurements, and some relevant geometric data was also
available. The relationship between the electron relaxation time,
tumbling time and anisotropy energy ( ^ - g-^ jU hJK was
discussed, and estimated pseudo contact shifts, averaged over six
Kramer’s doublets, were tabulated for the cobalt complexes. The
pseudocontact interaction in the nickel complexes was found to be
very small. The similarity between the observed isotropic (contact)
shifts of the nickel complexes and the calculated isotropic (contact)
shift of the cobalt complexes was explained by there being two
unpaired electrons in atomic, orbitals of irie.ducible representation
e^ in the point group, in both the nickel and cobalt divalent
ions. The apparent non-involvement of the third unpaired electron
in these cobalt complexes with a metal environment of micro-
71symmetry is not in agreement with the comments by other authors •
The isotropic proton resonance shifts of exchanging adducts to
bis-(acetyl acetonato) cobalt (II) and nickel (II)^0*^2" ^  have been
compared, as have those of ^f-vinyl pyridine in exchange with cobalt
67(II) chloride and nickel (II) chloride . The version of the 
"factoring procedure" employed^0’ not explicitly check for 
consistency in the value of "X" (vide supra), although a reasonable 
choice of geometry gave ratios of predicted isotropic (contact)
shifts in the cobalt complexes in close accord with the observed 
isotropic (contact) shifts of tne presumed magnetically isotropic 
nickel complexes•
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The proton furthest from themetal in 4-phenyl pyridine had 
an extremely small isotropic proton resonance shift. In addition to 
confirming the proposed electron delocalisation into the ligand 
-bond system, this fact was used to suggest that the observed 
upfield isotropic shift of the same proton in the analogous cobalt 
complex stemmed entirely from a pseudocontact interaction. Using 
an assumed geometry, the pseudocontact shifts of the other protons 
were calculated from the observed isotropic shift mentioned above.
Values for gjj and gj^  have been lacking and the usual assumption
has been g(| < g^60,62,63,6^ Both T ^ ^ 6 0 , 6 3  and ^ 4 : % ^
✓ —  /  ^ 73have been assumed (T t = tumbling time) and La l^ ar and Jesson have
suggested that ^le more appropriate choice.
(ii) Pseudocontact shifts in four-co-ordinate complexes.
iVhereas "octahedral" nickel (II) complexes have an orbital 
singlet ground term, "tetrahedral" nickel (II) complexes have an 
orcitally triply degenerate ground term, and magnetic anisotropy 
might thus be expected in the latter, observed isotropic proton 
resonance shifts containing a significant contribution from the 
pseudocontact interaction. In contrast, "tetrahedral" cobalt (II) 
complexes have an orbital singlet ground term, and the observed 
isotropic proton resonance shifts might be expected to contain no 
significant contribution from the pseudocontact interaction .
However, as shown by Part II-(a) of this chapter, the assumption 
of magnetic isotropy for "tetrahedral" nickel (II) complexes has been 
a frequently made and apparently workable one. The disparity in the
go
isotropic proton resonance shifts observed for triaryl-phosphines 
when co-ordinated to nickel (II) halide and cobalt (II) halide have
been interpreted in terms of a pseudocontact interaction being 
operative in trie cobalt oomplexes and absent in the nickel complexes^
(.iii) Pseudocontact shifts in ion pairs.
The (tetra-tert-butyl) ammonium cation has been studied in
74-77association with a number of bulky anions
When associated with the tris-acetyl acetonato nickel (II) 
anion the butyl protons have a virtually zero isotropic proton 
resonance shift, whereas three concentration dependent upfield 
shifted signals were obtained* of relative intensities 3*^*2, for 
the (tetra-tert-butyl) ammonium tris-acetyl-acetonato cobalt (II) 
system^. A model in which the cation approached to with 4-6 2 
of the metal along a symmetry axis was deemed the most satisfactory, 
although lack of knowledge concerning the species present prevented 
a detailed interpretation being made of the observed shifts in terms 
of an assumed pseudo-contact interaction.
When associated with the mono tri-phenyl phosphine nickel (II)
tri-iodide anion all the butyl protons gave downfield (negative)
75isotropic proton resonance shifts , whereas only the terminal
methyl protons gave a downfield shift, the other protons giving
75upfield shifts, in the analogous cobalt system . The contribution 
of contact and pseudo contact interactions to the observed isotropic 
proton resonance shifts of both complexes was assumed. The data was 
evaluated using values of (gj| - ) estimated from the isotropic
resonance shifts; (gjj + 2gj__) was obtained from the magnetic susceptib­
ility, and equation (7) employed, implying that heen
. 1 4 , .  J
assumed. La Mar has since re-evaluated the above data in terms of
equation (8), where T ^ ^  TT is the appropriate relationship. A
yet more detailed analysis of the geometry of this type if ion pair
76
has been published , in which an ion pair separation of 3*8 + 0.22. 
was suggested.
n g
An alternative suggestion- Tor the observed isotropic proton 
resonance shifts in the above systems was that of a direct metal- 
nitrogen interaction, placing positive spin density onto the nitrogen 
atom. T t- configuration interaction was invoked to place negative 
spin density into the alkyl chain. The observed negative isotropic
'jZj.
N resonance shift was offered as proof of the above suggestion. 
However, this does net account for the downfield isotropic proton 
resonance shifts observed for all the butyl protons in the (tetra- 
tert-butyl) ammonium mono-(biphenyl phosphine) nickel (II) triodide 
system, or the downfield isotropic proton resonance shift of the 
terminal methyl group in the analogous cobalt system.
The interaction of trie "spherical" tetraphenyl arsonium cation
with the mono triphenyl phosphine cobalt (II) and nickel (II)
79triodide anions has been described . The observed isotropic proton
resonance shifts of the cation protons, in both systems, was assumed to
arise from the pseudocontact interaction alone, equation (8) being
considered appropriate. The most suitable model for estimating the
2
geometric factors (3cos 9-1) proved to be one with a CU cation_ _  3
axis and a C^ anion axis in alignment.
CHAPTER TWO.
The synthesis of some 1 ; 3 bidentate
ligands and their transition metal complexes.
CHAPTER TWO.
The aim of the practical work has been to prepare a series of 
complexes of divalent cobalt and nickel with new, l:3-bidentate, 
conjugated ligands with the particular intention of studying the 
nuclear magnetic resonance spectra of the complexes.
The syntheses of fine types of ligands were studied; 1:5- 
diaryl biurets, l:5-diaryl biguanides; ortho-amino-benzaldehyde 
imines, linear mono-azines, and malondialdehyde di-imines.
1. 1:5 diaryl biurets
8lHofmann describes the direct combination between biuret and
two moles of aromatic amine at 120°C. This method was unsuccessfully
attempted with aniline, ortho-, meta- and para-toluidine, para-nitro-
aniline and para-sulphanilic acid, the biuret being prepared by the 
82method of Haworth
A five step synthesis for 1:5 dialkyl biurets is described by
O
Stollar . This method was attempted with the following aromatic 
amines; para-chlor-aniline, para-sulphanilic acid, ortho-, meta-, and 
para-toluidine and aniline, only the latter being successful. The
starting materials, the 1-substituted ureas, were prepared according
.10]
85
8k
to Vogel and the ^--substituted allophanyl hydrazides and azides
were prepared according to Audrieth 
' n . 86 ,Dams describes the use of ethyl allophanate as a precursor 
to the 1:5 disubstituted biurets. Direct reaction of this ester with 
aniline and ortho-, meta-, and para-toluidine gave only the mono­
substituted biurets, the ethyl allophanate being prepared by the
Q-,
method of Hofmann .
872. 1:5 diaryl biguanides
88
Curd describes a method in whicn the mono-substituted biguanide 
is first prepared from the diazonium chloride of the appropriate
aromatic amine and. dic-yandlamidei Siibooquent reaction with the same 
amino yields the required product.
c-j
Hofmann’s method for the synthesis of 1:5 diaryl biurets from 
biuret was adapted for use with biguanide, which was prepared, as
89
the sulphate hydrate, by a method described in Inorganic Syntheses • 
90 91Sen describes the reaction of aqueous dicyanimide with two
moles of the appropriate aromatic amine to give the required product.
The above three methods were attempted with aniline, the three 
toluidines, para-chlor-aniline, para-nitro-aniline and para- 
sulphanilic acid, no attempt being successful.
5. ortho-amino-benzaldehyde imines.
The commercial sample of ortho-amine-benzaldehyde was insoluble
in ethanol and was presumed to nave reverted to the trimer. Fresh
ortho-amino-benzaldehyde was prepared as required, by the method of 
92Smith and Opie , from ortho-nitro-benzaldehyde supplied by the Koch 
Light Chemical Company. Each sample prepared was utilised quickly, 
without drying, to reduce the loss of reactant as trimer to a minimum. 
Any trimer which had formed was removed by dissolving the sample in 
ethanol, and filtering. This ethanolic solution was then used 
immediately.
93Gabriel describes the formation of themethyl, ethyl and phenyl 
imines. Using Gabriel's procedure, the following series of compounds 
were prepared.
ortho-amino-benzaldehyde methyl imine 
ortho-amino-benzaldehyde ethyl imine 
ortho-amino-benzaldehyde isopropyl imine 
ortho-amino-benzaldehyde tert-butyl imine 
ortho-amino-benzaldehyde cyclo-hexyl imine 
ortho-amino-benzaldehyde benzyl imine
ort.ho-amino~benaaldeh.yde phenyl imine 
ortho-amino-benzaldehyde para-methyl-phenyl imine 
ortho-amino-benzaldehyde para-sulphonyl phenyl imine 
ortho-amino-benzaldehyde para-hydroxy phenyl imine 
ortho-amino-benzaldehyde para-brom-phenyl imine 
ortho-amino-benzaldehyde ortho-hydroxy, phenyl imine 
ortho-amino-benzaldehyde ortho-methyl phenyl imine 
ortho-amino-benzaldehyde meta-methyl-phenyl imine
The benzyl imine was a white solid; all the other imines were 
yellow oils. No attempt to characterise these compounds were made, 
a successful outcome of the chelation studies being awaited before 
proceeding further.
4. Linear mono-azines.
a. di-o-amino benzylidene hydrazine.
0.01 mole of o-amino benzaldehyde was dissolved in 10 mis. of 
absolute ethanol and filtered. To the filtrate was added 0.003 gm. 
mole of hydrazine hydrate, followed by 5 mis. of glacial acetic acid.
The stirred mixture was maintained at 40°C for 20 minutes during which 
time yellow crystals separated. The analytical sample was recrystallised 
from a large volume of hot methanol, m.p. 250-251°C (Found: 0,70.45;
H, 6.0; N, 25.6. requires 0,70.6; H, 6.0; N,23«5#)«
k* di-o-amino 1-methyl benzylidene hydrazine.
Theprocedure described above (4.a.) was followed, using 
0.003 gm* mole of o-amino actto-phenone and 0.001 gm. mole of 
hydrazine hydrate. Chunky yellow needles, m.p.l85-l86°C. (Found :
^ » 71*S55 H, 6.9? N, 21.15* ^”18 N4 ^ t 72.15? H, 6.8?
N, 21.0#).
5- N:N* di-aryl 1-amino 3-imino propene hydrochloride hydrates^
The only commercially available suitable precursor to malondialde- 
hyde is the bis-diacetal (1:1* 30' tetra-methoxy propane). This 
was obtained from the Aldrich Chemical Co. The following methods 
were attempted to obtain the 1-3 di-imines, using para-toluidine in 
all preliminary investigations. This choice was made because the 
di-phenyl derivative (malondianil monohydrochloride) was available 
commercially; the para-methyl phenyl group was very similar chemically, 
and involved the minimum of steric hindrance.
a. Esterification.
One equivalent of acetal, four equivalents of glacial acetic acid 
and two equivalents of aromatic amine were refluxed together for 
sixteen hours. No reaction occurred.
k* tfIn situ template".
The term "in situ" implies that all the components of the 
reaction mixture are added at the same time. The term "template" 
indicates that one of these components (the metal salt) is intended 
to enhance the rate of formation of the Schiff’s base either by the 
direct removal of the product as the metal complex, or by the indirect 
means of acting as a stable foundation upon which the particular 
geometry of the Schiff’s base can be assembled.
The acetal, aromatic amine and cobaltous acetate, in 2:4:1 
molar ratio, were stirred at room temperature for 24 hours. No 
reaction occurred. The mixture was then gently refluxed for 24 
hours. No reaction occurred. Two mis. of 2N hydrochloric acid 
were then added and the refluxing continued for a further 24 hours.
A paramagnetic, lilac solid was filtered off. An infra-red spectrum 
showed that no phenyl ring vibrations were present. The filtrate 
was taken down to a paramagnetic, green tar in a rotary evaporator.
No solid could be isolated. The addition of water produced a yellow 
solution from which the green tar was regained upon removing the 
water.
c. Sequential template.
(i) Using cobaltous acetate.
The acetal and aromatic amine in 1:2 molar ratio were refluxed 
together in absolute ethanol for two hours prior to the addition of 
a hot suspension of one molar equivalent of cobaltous acetate in 
absolute ethanol. A bright purple solid formed within minutes.
The infra-red spectrum of this solid confirmed the presence of a 
phenyl ring. Addition of dilute hydrochloric acid destroyed the 
purple compound, releasing unchanged aromatic amine.
(ii) Using cobaltous chloride hexa-hydrate.
The above method was followed, a deep green solution being 
formed upon the addition of the ethanolic cobaltous chloride solution.
The removal of solvent in a rotary evaporator produced a green tar. 
Addition of dilute hydrochloric acid released a very small quantity 
of a yellow solid. This did not contain any cobalt. An infra-red 
spectrum showed the presence of phenyl ring vibrations.
The above procedure was repeated, except that the refluxing was 
continued for 12 hours. A large quantity of yellow solid was obtained. 
The infra-red’ spectrum was identical to the previous one. The 
presence of chloride in this solid was confirmed, after recrystallisation 
from ethanol.
situ mineral acid hydrolysis.
Aiiuming that the yellov; substance mentioned above was the sought 
after Schiff's base, and noticing that it was stable to aqueous 
mineral acid, the release3by acid hydrolysis3ofmalondialdehyde into 
the presence of aromatic amine was attempted.
One tenth of a gm* mole of acetal, one tenth of a gm.mole of 
hydrochloric acid (2N), and one fifth of a gm.mole of para-toluidine 
were refluxed in ethanol for eight hours. Addition of distilled 
water produced a voluminous yellow solid from the deep red solution. 
Elemental analysis for C, Hi N, showed that the pale yellow substance 
was the hemi-hydrate of N:Nf di- (p-methyl phenyl) 1-amino 3-ifflir10 
propene monohydrochloride•
Using procedure (4d)* the following N:N' diaryl 1-araino 
3-imino propene monohydrochloride hydrates were prepared, in 90- 
95% yield. The analytical samples were recrystallised from ethanolic
ether.
TABLE 1.
N:N* diaryl 1-amino 3-imin° propene monohydrochloride hydrates.
Substituted group Moles of 
water of
Analysis
required
Analysis
found
crystallis-- C H N C H N
O ^m.p. C
a tluii
o-methyl phenyl 0.3 69.0 6.8 9.5 69.1 6.8 9.4 206-207
m-methyl phenyl 2 63-3 7.2 8.7 62.9 7.3 8.8 180
p-methyl phenyl 0.3 69.0 6.8 9.5 69.2 6.6 10.0 235-236
o-methoxy phenyl 2 57.3 6.5 7.9 57.2 6.7 8.5 180-181
o-biphenyl 3 69.7 6.3 6.0 70.6 6.1 6.0 139-140
p-biphenyl 1 75.6 5.9 6.5 75.7 5.9 6.9 237(d)
1-naphthyl 1 73.3 5.6 7.4 72.5 5.6 7.5 161-162
1-anthryl 3 72.5 5.7 5.5 72.7 5.5 4.8 202-203
1 anthraquinonyl 0.3 70.5 3.8 5.3 70.2 4.0 5.5 218(d)
p-chlor-phenyl 1.5 50.8 4.6 7.9 50.6 5.1 8.0 269-270
p-iodo-phenyl 0 35.3 2.6 5.5 35.3 2.6 5.0 235-236
p-azophenyl phenyl 0 69-4 5.0 18.069.2 5.2 17.5 243
p-n-butyl phenyl 0.5 72.7 8.5 7.4 72.7 8.5 7.4 238
p-ethyl phenyl 0.5 70.5 7-5 8.7 70.5 7.1 8.7 230-231
The free, neutral Schiff’s Bases were hydrolysed upon addition 
of aqueous alkali to the related hydrochloride salt. Potassium tert- 
butoxide ^ dissolved in a previously heated 1:1 mixture of absolute
ethanol and 2 :2* dimethoxy propane, was found to liberate the 
neutral, Schiff's bases, without decomposition.
6. N:N' dialkyl-l-amino 3-imino propenes and hydrochlorides.
The methods previously described for the N:N* diaryl derivatives 
were unsuccessfully attempted with the commonly available primary 
alkyl amines, which were also used for the following investigations.
a. Esterification.
The acetal was refluxed for two days with four molar equivalents 
of glacial acetic, acid and _two aiolax? equivalents of an alkyl amine, 
in the presence of an ample excess of anhydrous calcium chloride.
After filtration and removal of volatile components a brown resin was 
obtained which absorbed throughout the infra-red region. No solid 
could be isolated.
b. Dihydrochloride method.
94Kleinschmidt describes the preparation of the dioxime of 
malon-dialdehyde, using hydroxylamine hydrochloride. The acetal 
was refluxed for 24 hours in ethanol with two molar equivalents of 
an alkyl amine hydrochloride. In all cases deep red tars were obtained 
from which no solid could be isolated. The infra-red spectra 
consisted of an almost continuous absorption.
c. Sequential amine template.
Cobaltous chloride hexahydrate and an alkyl amine in 1:4 molar 
ratio were refluxed in ethanol for four hours. Two molar equivalents 
of the acetal were then added to the bright purple solution/suspension, 
together with sufficient 2N hydrochloric acid to hydrolyse the acetal. 
After two days of refluxing, the purple colour remained unchanged.
7• N:N* diphenyl 2-alkyl 1-amino 3-imino propene mono perchlorates.
95The reaction, described by Caspar , between sodium methoxide, 
methyl formate and n-alkyl aldehydes, did not take place.
8* N:N 1 diatiyl 1:3 dimethyl 1-amino 3-imino propene monohydro^
chlorides*
96 . ■A previously described method was used . Equimolar quantities
of acetyl-acetone and aromatic amine were refluxed together for 
four hours in ethanol. The pale yellow or white mono-anil obtained 
upon removal of solvent, was recrystallised, dried and weighed. To this 
was added an equimolar quantity of the aromatic amine hydrochloride. 
After refluxing in ethanol for k hours, yellow crystalline solids 
were obtained (see Table 2).
Table 2.
N:N! diaryl 1:3 dimethyl 1-amino 5-±m±no propene monohydrochlorides.
Substituted group Moles of water of Analysis requires.Analysis found, m.p. 
_______________ crystallisation c H W C H N__________
phenyl 3 60.1 7»1 8.2 38.3 6.1 8.9 2.17“
m-methyl phenyl 0 72.3 7A  8.9 73.1 7*3 8.6 Zol-Zo**
p-methyl phenyl 0 72-3 7A  8.9 72.3 7-0 9.^
9. Chelation studies with ortho-amino benzaldehyde imines.
a. Reactions with nickel dichloride hexa-hydrate.
The nickel salt used was of B.D.H. AnalaR grade.
(i) Aqueous ethanol solutions.
O.Olgm.mole of ortho-amino benzaldehyde imine (dried over anhydrous 
calcium sulphate and filtered through sintered glass) in two mis. 
of absolute ethanol was auded to 0.003 gm.mole of nickel chloride 
hexahydrate in 3 mis. of 10% aqueous ethanol. An intense red 
solution formed immediately, from which a red tar was obtained 
after evaporation of the solvent. Repeated efforts at recrystallisation 
from a wide variety of solvents failed.
Tile six ortho-amino benzaldehydo alkyX iminea previously 
referred to were employed in. the above investigation.
(ii) 20% ethanolic chloroform solutions.
0.01 gm.mole of dry ortho-amino benzaldehyde alkyl imine in 
5 mis. of 2C$ ethanolic chloroform was added to 0.005 gm. mole of 
nickel chloride hexahydrate dissolved in 20 mis. of the same, hot 
solvent. An intense red solution formed immediately, from which a 
waxy red solid separated after partial evaporation. This was 
recrystallised from carbon tetra-chloride, and triturated under cyclo- 
hexane to render the solid more friable. The solid was then dried 
in a vacuum dessicator.
The above procedure was followed for the ortho-amino benzaldehyde 
imines previously referred to; elemental analyses were all very 
unsatisfactory.
(iii) aqueous-ethanolic template reactions,
an
Pfeiffer et al describe the reaction between divalent
transition metal salts and a warm, strongly ammoniacal solution of
ortho-amino benzaldehyde. This procedure was followed using the
divalent chloride hydrates of cobalt, nickel and copper, all of
B.D.H. AnalaR grade, to give the following anhydrous bis- (O-amino
97benzaldiminato) metal (II) complexes :
Metal FOUND CALCULATED
C ' H N C H N
Co 56.71 4.79 18.75 56.57 4.75 18.85
Ni 56.49 4.84 19.08 56.61 4.75 18.87
Cu 55.54 4,97 18.38 55.71 4.68 18.57
A lengthy investigation was then made into the chelation of the 
nickel halide with all the ortho-amino benzaldehyde alkyl and aryl 
imines referred to previously, using systematic variations of 
Pfeiffer’s method; The investigation was unsuccessful.
b. Nickel dibromide non-aqueous method.
Nickel dibromide hydrate (B.D.H. reagent grade) was dried to 
constant weight at 105°C. 0.005 gm. mole of the anhydrous nickel
dibroraide, dissolved in 20 ml. of sodium dried ether, was refluxed 
with 0.01 gm. mole of dry ortho-amino benzaldehyde imine for two 
hours. An intensely coloured red solution was obtained, from which 
a red tar was obtained upon evaporation of the ether. No solid 
could be isolated from the tar.
This procedure v/as followed for the ortho-amino benzaldehyde 
alkyl imines previously mentioned.
c. Holm's non-aqueous method.
40Holm, Chakravorty and Theriot- experienced difficulty with the
97adaptation of Pfeiffer’s procedure in their study of the chelation
of the pyrrole-2-aldimines to divalent nickel and cobalt. Their
procedure was followed for all the ortho-amino benzaldimines referred
to previously. The bis- (tetra-ethyl ammonium) nickel tetra-bromide
98was made according to Gill and Nyholm • The tetra-ethyl ammonium 
bromide was of B.D.H. AnalaR grade.
0.02 gm. mole ofortho-amino benzaldehyde imine, 0.02 gm. mole 
of potassium t-butoxide and 0.01 gm. mole of bis- (tetra-ethyl 
ammonium) nickel tetra-bromide were refluxed in 50 mis. of sodium 
dried tetra-hydro-furan. A deep red solution was obtained from which 
a grey/black solid separated after partial evaporation in a rotary 
evaporator. The solid was recrystallised from sodium dried n-hexane 
and sodium dried methylene dichloride.
Only tars were isolated in the case of the ortho-amino benzal­
dehyde alkyl imines, with one exception. Grey'/black, paramagnetic 
solids were obtained from the cyclo-hexyl, para-hydroxy phenyl, 
ortho-hydroxy phenyl, meta-hydroxy phenyl, para-brom-phenyl, para- 
sulphonyl phenyl, ortho-methyl phehyl and phenyl ortho-amino 
benzaldehyde imines. Elemental analyses for C, H, and N were all 
unsatisfactory.
10. Chelation studies with hydrazine derivatives.
a. di-o-amino benzylidene hydrazinato cobalt (II) dihydrate.
Of002 mole of cobalt (II) chloride hexahydrate (B.D.H. AnalaR) 
in 25 ml. absolute ethanol was added to 0.002 mole of di-o-amino 
benzylidene hydrazine in 50 ml. of hot absolute ethanol, A light 
brpwn precipitate separated almost immediately. This was washed 
well with warm ethanol. It could not be recrystallised, m.p.284- 
285°C. (Found : C, 50.3; H, 4.7; N,17-5; Co, 18.2. H^N^ Co02 
requires C, 50.8; H, 4.9; N, 16.9; Co, 17.8%).
b. di-o-amino benzylidene hydrazinato nickel (II) dihydrate.
The above procedure was followed using 0.002 mole of nickel (II) 
chloride hexahydrate. A pale lime green precipitate formed which could 
not be recrystallised, m.p. 310°C. (Found : C, 50.9; Hi 4.4;
N, 17.0; Ni, 17.4. Ni02 requires C, 50.8; H, 4.9;
N, 16.9; Ni, 17.7%).
c. di-o-amino benzylidene hydrazinato copper (II) tetrahydrate.
0,002 mole of copper (II) chloride dihydrate and 0.002 mole of 
di-o-amino benzylidene hydrazine were stirred together in cold 
acetone for thirty minutes. A dark brown precipitate formed which 
could not be recrystallised. This was washed thoroughly with warm 
acetone, m.p. 155°C. (Found : C, 45.1; H, 5.5; N, 15*3; Cu, 16.6.
C24 H20 N4 Cu04 q u i r e s  C, 45.2; H, 5.4; N, 15.1; Cu, 17.1%).
Mono aleoholate.
0.002 mole zinc chloride (B.D.H. technical grade) was dissolved 
in 2D ml. warm absolute ethanol and added to 0.002 mole di-o-amino 
1-methyl benzylidene hydrazine in DO ml. warm absolute ethanol.
A bright yellow precipitate separated which could not be recrystallised, 
m.p. 238°C. (Found : C, 5?.3; H, 5-7; N, 15.0; Zn, 17.8. Clg H22
N. ZnO requires C, 57.5; H, 5*9; H» 1^.9; Zn, 17.W).
e. di-o-amino 1-methyl benzylidene hydrazine cobalt (II) 
di-chloride trihydrate.
The above procedure was followed using 0.002 mole cobalt (II) 
chloride hexahydrate (B.D.H. AnalaR). A bright green precipitate 
formed which could not be recrystallised, m.p. 272-27D°C. (Found :
C, 42.3; H, 4.9; N, 12.6; Co, 13.4; Cl, ID.6. CoCl2 0^
requires C, 42.7; H, D *4; N, 12.4; Co, 13*1; Cl, 13*8$).
f. di-o-amino 1-methyl benzylidene hydrazine nickel (II) 
di-chloride dihydrate.
The above procedure was followed using 0.002 mole nickel (II) 
chloride hexahydrate (B.D.H. AnalaR). A light green precipitate 
formed which could not be recrystallised, m.p. 310 C(Found :
C, 44.D; H, D.1D; N, 12.6; Ni, 13.D; Cl, 16.6. H22 NiCl2
02 requires C, 44.D; H, D.l; N, 13*0; Ni, 13*8; Cl, 16.4$).
g. di-o-amino 1-methyl benzylidene hydrazine copper (II) 
di-chloride dihydrate.
The above procedure was followed using 0.002 mole copper (II) 
chloride dihydrate (B.D.H. AnalaR). A dark green precipitate formed 
which could not be recrystallised, m.p. 1D9°C. (Found : C, 44.4;
H, 4.6; N, 12.D; Cu, 14.7; Cl, 16.4. E ^  C u C l ^  requires
C, 44,0; H, D.l; N, 12.8; Cu, 14.DD; Cl, 16.2$),
11. Chelation, studies with malon di-iaiine monohydrochlorides*.
a. mono-N:Nf-di (m-methyl phenyl) 1-amino 3-imino propene 
manganese (II) dichloride hemihydrate.
0.01 gm. mole of manganese dichloride hydrate (B.D.H. reagent 
grade) were refluxed with 0.02 gm. mole of N:N'-di (m-methyl phenyl) 
1-amino 3-imino propene monohydrochloride hydrate in ethanol for 
two hours. A deep yellow solid separated upon partial evaporation, 
m.p. 191°C (Found : C, 33-2; H, 3.3; N, 6.9; Cl, 18.6; Mh, 13-2.
MnCl2 0^ requires C, 33*0; H, 5«0; N, 7*3j Cl, 18.4;
Mn, 13.6%). Yield : 20%.
The weight loss upon quantitative drying at 60°C was 2.5%
(.-J^O requires 2.3%). The parent ion peak in the mass spectrum was 
appropriate for C ^  MnCl^ ,.
b. mono-N:N*-di (m-methyl phenyl) 1-amino 3-iroino propene 
zinc (II) dichloride tri-ihydrate.
A similar procedure to (11.a.) was followed, using zinc 
dichloride (B.D.H. technical grade). A bright yellow, low density 
solid separated out upon cooling, m.p. 2l6°C. (Found : C, 46.4;
H, 5.3; N, 6.9; Cl, 16.2; Zn, 18.5; c ^  ZnC^O^ requires
C, 46.3; H, 5*5; N, 6.4; cl, 16.6; Zn, 18.0%). Yield 15%.
The weight loss upon quantitative drying was 13.0%. (.3H20 
requires 12.3%). Theparent ion peak in the mass spectrum was 
appropriate for H^g k'2 ZnCl^.
c. mono N:N* di-(m-methyl phenyl 1-amino 3-iraino propene 
copper (II) dichloride.
A procedure similar to (11.a.) was followed, using copper 
dichloride hydrate (B.D.H. AnalaH gtrode). A low density bright 
yellow solid was obtained upon partial evaporation. m.p. l83-l84°C. 
(Found : C, 52.6; H, 5.0; N, 7*5; Cl, 18.5; Cu, 16.2. C1?
CuCd^ l’equires C, "b3*I> H» J*.?i N, 7.5> Cl, 18.4; Cu, 16.6).
Yield 15$«
d. mono N:N* di-(m-methyl phenyl) 1-amino 3-imin0 propene 
iron (II) dichloride.
0.01 gm. mole of ligand hydrochloride hydrate was refluxed in 
20 mis. of a 1:1 mixture of absolute ethanol and 2:2’ dimethoxy 
propane (Fluka) for one hour. 0.01 gm. mole of iron (II) dichloride 
hydrate (B.D.H. reagent grade) was refluxed with 40 mis. of the 
above solvent mixture, in an open apparatus flushed with nitrogen, 
for one hour.
The two solutions were mixed, and refluxed in an open apparatus 
flushed with nitrogen for two hours. An orange brown solid separated 
upon adding, dropwise, 30 mis. of sodium-dried n-hexane (rapid 
addition of the hexane produced a tar). The solid was filtered off 
in a Buchner apparatus in a large glass vessel full of dry carbon 
dioxide, and an analytical sample transferred to a vacuum sample 
tube within the glass vessel, m.p. 120°C (decomp). (Found ;
C, 54.0; H, 3.6; N, 7.2; Cl, 18.3; Fe, 13-6. FeCl2
requires C, 54.1; H, 4.8; N, 7.4; Cl, 18.8; Fe, 14.9). Yield 50$.
e. bis-N:N' di-(m-methyl phenyl) 1-amino 3“imiftO propene 
cobalt trichloride.
0.01 gm. mole of cobalt (II) dichloride hydrate (B.D.H. AnalaH 
grade) were refluxed with 0.02 gm. mole of ligand hydrochloride 
hydrate in 30 mis. absolute ethanol for two hours. Sodium dried 
n-hexane (30 mis.) was added, dropwise, to the dark green solution, 
producing a light green crystalline solid, m.p. 206° - 207°C.
(Found : C, 33.8; H, 6.2; N, 7*6; Cl, 14.8; Co, 8.5. C ^
0^ CoCl^ requires C, 35.3; H, 6.0; l\i, 7*6; Cl, 14.4; Co, 8.0%).
Yield 35$.
Quantitative drying at 80WC gave a Xovts of JO.J>L. {.,4-H 0 requires
9.8%).
f. bis-N:N'-di (o-methyl phenyl) 1-amino 3-imino propene 
cobalt trichloride trihydrate.
The procedure (11.e.) was followed, a light green crystalline 
solid being obtained, m.p. 205-204°C. (Found : C, 57-4; H, 5-6;
N, 7.6; Cl, 14.7; Co, 7.9. C ^  0^ CoCl^ requires C, 56.7;
H, 5-9; N, 7.8; Cl, 14.8; Co, 8.2%).
Quantitative drying at 80°C gave a weight loss of 6.5%.
(.5^0 requires 7*5%).
g. bis-N:N'-di (p-methyl phenyl) 1-amino 5-imino propene 
copper (II) dichloride tetrahydrate.
The procedure (11.e.) was followed using copper (II) dichloride 
hydrate (B.D.H. AnalaR grade). A bright yellow, low density, solid 
separated, m.p. 208-209°C. (Found : C, 58.0; H, 6.2; N, 8.1; Cl,9*9; 
Cu, 9*6. C ^  0^ CUCI2 requires C, 57.7; H, 6.5; N, 7*9;
Cl, 10.5; Cu, 9.4%).
Quantitative drying at 80°C gave a weight loss of 7.6% (.5^0 
requires 7.8%).
12. Chelation."studies with neutral 1:5 di-imines under strongly 
basic conditions.
a. bis-N:N’ diaryl 1-amino 3-lmino propenato nickel (II) 
and cobalt (II) complexes.
0.02 gm. mole of ligand hydrochloride hydrate was refluxed in 
50 mis. of a 1:1 mixture of absolute ethanol and 2:2f dirnethoxy 
propane (Fluka) for one hour. To the cooled solution, 0.04 gm. mole 
of potassium tert-butoxide (Koch Light Co.) was added whilst stirring 
A warm solution of 0.01 gm, mole of metal (II) acetate hydrate (B.D.H 
reagent grade) in 50 mis. absolute ethanol was then added, followed
by 10 mis. of 2:2’ dimethoxy propane. kefluxing for eight to twelve 
hours produced deep wine-red solutions.
The solvents were removed in a rotary evaporator and the residue 
dissolved in the minimum of sodium-dry methylene dichloride. The 
solution was filtered through asbestos fibre, and sodium dry n- 
hexane added dropwise until solid began to separate. The volume 
was then reduced to 2 mis. in a rotary evaporator. Filtration 
through a sintered glass filter gave a small quantity of a deep-red 
crystalline solid (5% yield) which was not further purified before 
being sent for analysis.
(i) bis N:N’ di(m-methyl phenyl) 1-amino propenato nickel
(II).
m.p. 175-176°C. (Found : C, 73.4; H, 6.4; N, 10.0; Ni, 10.1.
hi requires C, 73*2; H, 6.2; N, 10.1; Ni, 10*5%).
The gram molecular weight in CHC1-. solution was 533 (Formula weight
3
338).
(ii) bis N:N’ di (p-methyl phenyl) 1-amino propenato 
nickel (II).
m.p. 167°C. (Found : C, 73*1? H, 6.4; N, 10.1; Ni, 10.3* C ^
H ^ N^ hi requires C, 73-2; H, 6.2; N, 10.1; Ni, 10.3%).
The gram molecular weight in CHCl, solution was 528 (Formula
3
weight 558).
(iii) bis N:N’ di (p-n-butyl phenyl) 1-amino J>-±m ±iiq propenato 
nickel (II).
m.p, 84-86°C. (Found : C, 77.0; H, 8.3; N, 7-7; Ni, 7.8.
H^g N^Ni requires C, 76.1; H, 8.1; N, 7*7; Ni, 8.1%).
(iv) bis N:N' di (m-methyl phenyl) 1-amino 3-i^ino propenato cobalt (II). 
m.p. 85°C (slow decomp.) Found : C, 74.0; H, 6.1; N, 9.5; Co, 10.7;
C34 H34 Co requires C, 73*2; H, 6.1; N, 10.0; Co, 10.6%).
The gram molecular weight in chloroform solution was 54l (formula
weight 558)*
(v) bis N:N* di (p-methyl phenyl) 1-amino 3-im:hoo propenato cobalt
(II).
m.p. 258°c. (Found : C, 72.8; H, 5-9; N, 10.3; Co, 10.4.
Co requires C, 73*2; H, 6.1; N, 10.0; Co, 10.6%).
(vi) Table Three.
Attempted syntheses of bis malondi-iminato cobalt (II) and 
nickel (II) complexes giving red Tars, or red solids with 
unsatisfactory analyses.
Aryl Substituent : Metal : Tar/Solid : Paramagnetic
p-ethyl phenyl Ni Tar Yes
p-n-butyl phenyl Co Tar Yes
0-me thy1* phenyl Ni Solid Yes
p-biphenyl Ni Solid Yes
0-biphenyl Ni Solid Yes
0-methyl phenyl Co Solid Yes
0-biphenyl Co Solid Yes
1-naphthyl Ni Solid Yes
b, bis N:N' diaryl acetyl acetone di'-iminato complexes
(i) bis N:N* diphenyl 1:3 dimethyl 1-amino Jt-ij&lno propenato 
nickel (II) dihydrate.
0.02 gm. mole of nickel acetate in 30 ml* warm ethanol was 
added to a hot mixture of 0.04 gm. mole of ligand hydrochloride 
hydrate and 0.08 gm. mole of potassium tert-butoxide in 100 mis. of 
hot ethanol. The gently refluxing solution turned deep green in 
30 secs., and dark green needle-shaped crystals separated before 
cooling. After filtration the large mss of green crystals were 
re-crystallised from hot absolute ethanol, m.p. 130°C. 7QP/o yield. 
(Found : C, 68.3, H, 6.1; N, 9*4; Ni, 9*8. H^g N Ni O2 requires 
C, 68.8; H, 6.4; N, 9*4; Ni, 10.0/&).
(ii) The preparation, by methods (12.a.) or (12.b.), of the cobalt 
analogue of (ll.b.(ii)) above, or the nickel and cobalt complexes of 
related type, with ligands containing the m-methyl phenyl or p- 
methyl phenyl substituents, produced paramagnetic, green, tars.
c. bis-N:N’ di-(p-methyl-phenyl) 1-aminO 3--imino propenato, 
mono-N:Nf di (p-methyl-phenyl) 1-amino 3-ifflino propene nickel (II).
The preparative method was identical to that in (12.a.), with 
the exception that 0.03 gm. mole of ligand hydrochloride was used, 
in an effort to increase the yield of bis (iminato) complex. A 
very small yield of golden-yellow, flat crystals was obtained which 
ground to a red powder and gave a deep-red solution in chloroform. 
Yield 3%. m.p. 127°C. (Found : C, 75.9; H, 6.5; N, 10.7*
^51 H52 n6 ^  re9uires 75*8; H, 6.5; N, 10.4$).
d. bis-N:N' di (m-methyl phenyl) 1-amino 3-imino propenato
copper (II) hexahydrate.
The preparative method 12.b. was used, a heavy green precipitate 
separating quickly from the refluxing reaction mixture* The complex 
could not be recrystallised, m.p. 328°C. Yield 50%. (Found :
C, 62.0; H, 6.7; N, 9*0; Cu, 9.3* OgCu requires C, 61.8;
H, 7.0; N, 8.5; Cu, 9.6$).
Quantitative drying at 110°C produced a weight loss of 17*3/ 
(.6^0 requires 17.3/)*
e. mono N:N' di-(p-methyl phenyl) 1-amino 3-imino propene 
copper (II) monochloride.
The method (12.a.) was employed witn the exception that copper
(II) dichloride hydrate (B.D.H. AnalaH grade) was used, rather than
copper acetate. A dark green, highly insoluble, precipitate settled 
out rapidly from the refluxing reaction mixture, m.p. 234°C decomp. 
(Found : C, 58.7; H, 4.9; N, 8.1; Cl, 10*8; Cu,17*9 ; C ^ H ^ ^ C u C l  
requires C, 58.6; II, 4.9; N, 8.0; Cl, 102-; Cu,18’5$).
f. Chelation between any of the foregoing ligands (under basic 
conditions), and divalent zinc, failed to occur.
13. The use of a template reaction.
0.02 gra, mole of 1:1’, 3:3* tetramethoxy propane in 10 mis. 
absolute ethanol was gently refluxed for ten minutes with 2 mis. of 
2N hydrochloric acid during which time the mixture became a gradually 
more intense yellow. 0.01 gm. mole of nickel (II) dichloride hydrate 
dissolved in 20 mis. absolute ethanol was added. The mixture was 
refluxed for six hours, a bright yellow solid separating slowly.
0.0*f gm. mole of alkyl amine was then added, and refluxing 
continued for twelve hours. The solvents were then removed in a 
rotary evaporator to yield, in the case of benzylamine only, a pale 
green solid which was recrystallised from ethanolic acetone. 
Ethylamine, isopropylamine, tert-butylamine, cyclohexylamine, and 
a-methyl benzylamine all gave black, tarry residues in the rotary 
evaporator. The addition of 2:2’ dimethoxy propane during the later 
stages of the attempted syntheses gave no improvement.
(i) bis N:N* dibenzyl 1-amino propene nickel (II) dichloride
dihydrate.
m.p. 120-121°C(decomp.). (Found : C, 61.8; H, 6.6; N, 8.*f;
Cl, 10.3; hi, 8.3. C ^  E^Q 02 NiCl2 requires C, 61.3; H, 6.1; 
h, 8A; Cl, 10.6; Ni, 8.8%).
This complex had an extremely powerful and unpleasant smell.
1^. Experimental techniques employed.
(i) Mass spectra.
The mass spectra were taken on an A.S.I. MS9 instrument, the 
samples being introduced as the solid.
(ii) Solution molecular weights.
The molecular weights, in chloroform solution, were measured 
using a Mechrolab Osmometric instrument, calibrated with chloroform 
solutions of re-crystallised benzil. The optimum time for taking a 
reading was found to be six minutes after the introduction of the 
solution droplet.
(iii) Magnetic measurements.
Magnetic susceptibilities were determined by the Gouy method,
finely ground powder samples being employed, the balance being
calibrated with powdered nickel tris-ethylene diamine thio sulphate.
The observed molar susceptibilities were corrected for the dia-
99magnetism of the ligands by means of Pascal’s constants
(iv) Infra-red spectra.
The infra-red spectra were recorded on a Perkin Elmer 337 
double beam grating spectrophotometer for the range kOOO-kOO cm. ,
using potassium bromide plates with a Nujol mulling agent.
(v) Electronic Spectra.
The transmission spectra were run using a Perkin Elmer 137 UV 
double beam spectrophotometer, over the range 200-730 rn , with 
"spectrosol" methanol as the solvent (cut-off 203 m ). The samples
were weighed upon aluminium foil, using a Cahn electronic micro­
balance.
The diffuse reflectance electronic spectra of finely ground 
powders were run on a Unicam SP 700 instrument over the range 
^7,000-3,000 cms."^.
(vi) Proton magnetic resonance spectra.
The spectra of diamagnetic substances were recorded at 60 MHz 
upon Perkin Elmer K.10 or Varian A60 instruments*
Preliminary studies of the spectra of paramagnetic substances 
were performed using a Varian A60 instrument, and more detailed 
studies using Varian DP 60 and Varian HA 100 (100 MHz) instruments.
Variable temperature proton magnetic resonance spectra were 
recorded using a JEOL C-60H instrument (60 MHz)*
(vii) Elemental Analyses.
The carbon, hydrogen and nitrogen determinations were carried 
out in the microanalytical laboratories of the Max Flanck Institute, 
Mullheim.
Halide analyses were carried out by conductometrie titration 
against standard silver nitrate solution using a Phillips PR 9500 
conductivity bridge and PR 9510 measuring cell. The analytical 
sample was refluxed in 80^ aqueous dimethyl sulphoxide until 
decomposition had occurred. All metals were determined grav&- 
metrically as the oxinate. In addition manganese and iron were 
determined colourimetrically, the procedures described by Vogel 
being followed. Nickel was also determined as the dimethylglyoximate.
Mossbauer spectrum.
The mossbauer spectrum of mono N:N di(m-raethyl phenyl) 1-amino 
3-imino propene iron (II) dichloride was recorded at Birkbeck College, 
London, by pr. 3, Fitzsimmons.
CHAPTER THREE.
The characterisation of some 1 : 3 bidentate 
Schiff’s Base hydrochlorides and their transition
metal complexes*
-  53 -
Part I. The ligands,
a. Proton magnetic resonance spectra.
The proton magnetic resonance spectra of the N N '-diaryl- 
1-amino-3-imino propene monohydrochlorid.es, and some of their related 
neutral imines are presented in Table 1. The doublet structure of 
the 2 A  proton signal and the triplet structure of the 3-proton 
signal (Figure 1.) confirm the conjugation of the di-imine system, 
in accord with published data for a number of neutral di-imines 
and related molecules'*'^’*
H
All-cis form of neutral N:N* disubstituted 1-amino 3-imino propene 
(malon di-imine).
Figure One..
101Feldmann etal have reported the detection of cis- and trans­
forms in the R=phenyl neutral di-imine (malondianil), with the 
"all-trans" form being present in dimethyl sulphoxide solution, 
and the "all-cis” form in chloroform solution. The series of mono­
hydrochlorides in Table 1. appear to exist in the ”all-trans" form, 
not only in dimethyl sulphoxide solution, but also in chloroform 
solution, this conclusion being based upon the average magnitude 
of 11 Hz for the coupling between the 2 A  protons and the 3-photon, 
a value in close agreement with those for other similar trans systems"*1'*^. 
The proton magnetic resonance data in chloroform solution is limited by 
the insolubility of the mono-hydrochlorides.
and neutral di-imines.
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The existence of the monohydrochto.ri.des in the tfa 11—trans” form 
is not unexpected in the light of the steric hindrance which the two - 
-NH protons would impose in'.the Mall-cis" form. In two of the mono- 
hydrochlorides a trans-coupling between the N-H (say 1-H) proton, and 
the 2-H proton is observed, the value of the coupling being close enough 
to that of J (2:^, -3) for the 2:k proton signal to appear as a triplet. 
In these two molecules one can definitely say that the N-H protons 
are not undergoing rapid exchange. The N-H proton signals in the 
monohydrochlorides are generally broad (^-^13Hz, 60MHz), due perhaps 
to the j^int effects of trans-coupling, quadrupolar broadening, and 
exchange.
The proton magnetic resonance spectra of the 2:k di-methyl 
substituted hydrochloride compounds again confirm the conjugation 
of the di-imine system, the relative intensity of the 2:k methyl 
protons signal to the 3-photon signal being 6:1.
The 2\h protons -3 proton coupling of 6-7 Hz in three of the
neutral di-imines in deuteriochloroform solution confirms the findings
of other workers, showing that in this solvent these molecules exist
in the "all-cis” configuration (Figure 1.). Barry et al have 
102suggested that the N-H proton may adopt a plus charge, and bridge 
the two nitrogen atoms whilst the 3*"car^on adopts a negative charge.
The chemical shift of the 3~Pr°tons in the neutral molecules indicates 
an increased degree of shielding compared to that in the hydrochloride 
analogues, and the N-H protons, still having a large downfield 
chemical shift, (where detectable), are apparently undergoing rapid 
exchange. All these observations lend support to the suggested, 
bridged, ionic structure,
k* Electronic spectra.
The electronic spectra (Tables 2a, 2b) show that the chromophoric 
bands of the monohydrochlorides, for the R= substituted phenyl
compounds in particular, fall reasonably close to that in 
©
(CH^)^  = CH*^H=CH'-N(CH^)2 although shifted to lower energies
by the greater length of the conjugated system. Although the range 
of concentrations used in recording all the electronic spectra was 
very great, no low intensity bands between -^00 and 750 m were detected.
log
Thus, if there are any n-Tt* transitions in the visible region,
106they are masked by the chromophoric tc-tc* band
The chromophoric it-it* band in the R=methy1-phenyl, monohydro­
chlorides is only markedly shifted by methyl substitution in the para-
position, whereas in the related, neutral molecules, the sensitivity
107decreases in the order ortho meta para. Hiickel calculations
for the four neutral molecules in Table 2a, using the parameters
107recommended by Streitwieser (Table 3)» give the re-molecular 
orbital energies, sbme of which are shown in Table k., in which the 
symmetry labels are appropriate for the point group, to which
107the planar, ”all-cisM configuration belon&s. The '’hypercon'jugation1' 
model was chosen for the methyl group, in the light of the direct 
coupling of the protons to the it-bond system observed in the isotropic 
proton resonance shifts of complexes with these ligands of bis 
(-iminato) nickel (II) and bis (-iminato) cobalt (II) type (see 
Chapter Four).
The assumption that the lowest energy transition observed is the 
lowest energy tt-tt* transition that is symmetry (electric-dipole) 
allowed is reasonable in the light of the large extinction coefficient
/1 A ^
(€4 5 x 10 t* mole” cm.” ) of the lowest energy band. The highest 
filled molecular orbital to lowest empty molecular orbital transition
(A2 --- B1 ) is y-polarised electric dipole allowed and the chromophoric
71-ti* bands are assigned to this transition. The absence of u-molecular 
orbitals of symmetry precludes the possibility of X-polarised
electric-dipole allowed transitions. For the planar all-trans form 
(C<* point group), all the u-molecular orbitals transform as the AM 
irreducible representation and all transitions are xy-polarised 
electric dipole allowed, the molecule lying in the xy plane. The 
trend of the calculated transition energies is the same as that in the 
observed transition energies (Table 2.b.) although, through neglect
106of electron correlation , the magnitudes are unsatisfactory.
The effects of electron correlation may be introduced by
utilising the serai empirical, self consistent field, Pariser, Parr,
Pople method (P.P.P.)^^. Following the choice of parameters
108recommended by hishimoto and Forster (Table P.P.P. calculations
have been performed for the all-cis. and all-trans configurations of 
the neutral, R=phenyl, molecule (malondianil), taking all bond lengths 
as and all bond angles as 120°. The results (Table 6.) predict
that a higher energy chromophoric t c - t t *  band may be expected in the 
all-trans form and, in addition, show the insensitivity of the 
calculated transition energies, in this molecule, to configuration 
interaction.
Comparison of Tables 6 and 2b, shows that the results of the 
P.P.P. calculation suggest that, in methanol, malondianil exists in 
the "all-transM form, in accord with the findings of Feldmann"^^.
The overall similarity between malondianil and its methyl substituted 
derivatives (see Part I.a.) suggest that the adoption of the all-trans 
configuration, in methanol solution, by the latter, may reasonably 
be assumed, although direct proton magnetic resonance evidence is 
not■available due to the low solubility in methanol.
The position of tne chromophoric te-tt* band in a number of 
transition metal complexes, in methanol solution, is consistently 
moved to lower energies, in accord with the calculated shift when an
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table 2b.
Electronic Spectra in Methanol Solution (213-730 m ) 
of some neutral di-imines.
R Transition energy in mp-
—1 —1(extinction coefficient 1. cms” . moles )
phenyl
o-methyl phenyl 
m-methyl phenyl 
p-methyl phenyl
248
(1.38 x 10 ) 
248
(8.7 x 10O
2^3 l ■ 
(1.1 X KT)
2^7 ,
(1.13 x 10 )
296 sh
292 sh
305 ,
(2.6 x icr)
302
(3.3 X KT)
292 sh 301
(6.1 x 10 )
380 k 
(2.42 x 10 )
330 4,(3.43 x 10 )
364 4.
(3*63 x 10 )
388 4.(4.48 x 10 )
Hackel parameters
a (ft units)
C —  CZZZZ.N
—  CEL 
3
~ C — CH^
0
0.03
1
2
-0.1
-0.1
-0.5
TABLE 3.
;3 ({3 units)
C r~-— C(aro) 1 
C ^ - ^ N  0.833
C c ( e t h . )  0.9
CH.
H
0.8
3
TABLE 4.
JMckel M.O. energies in Mj3M units (3 =  -2.4 eV).
R=phenyl R=0-Me-phenyl R=m-Me-phenyl R=p-Me-phenyl
-1.048 -1.098 -1.054 -1.065
Four )
1
) A - 1 . 0 0 0 -1.015 -1.015 -1.000
lowest ) Cm
) - 1 . 0 0 0 -1.015 -1.013 - 1 . 0 0 0
empty )
I
A2 -0.382 -0.386 -0.382 -0.387
Two )
B 1 +0.469 +0.549 +0.468 +0.448
highest) I
filled ) A2 +O.816 +0.788 +0.805 +0.768
TABLE 5.
P.P.P. parameters*
a st c -11.16 eV
«„ = -20.41 eV
1100
ax -2.44 e V
PciC -2.63 e V
* +11.13 eV
s +14.89 eS/
TABLE 6.
P.P.P. calculation upon the neutral R=phenyl compound. 
C I S  T R A N  S—
Tz allowed electric 
dipole singlet-singlet 
transitions
Ty allowed electric 
dipole singlet-single 
transitions
Tz,Ty allowed 
t singlet-singlet 
transitions
No.configuration Partialc 
internetion(C.I) C.I.
1 No. Partial*5 
C.I. C.I.
No.
C.I.
Partial0
C.I.
Four 255mjA 256 mpi. 
lowest 231mjA. 24lmjm 
energy 231mpt 229m|uL 
transitions 228mp>u 227mp.
395mf,i 4o4mjju. 
236mjut 244m|u. 
225mp. 224mpx 
217mp- 217mp+
374m p- 
253m,it 
232mjw. 
230m )u.
372m p. 
252m|u 
24lmpi 
236m jlC
a. Using 6 lowest singlet-singlet transitions
b. using 9 lowest singlet-singlet transitions
c. using 7 lowest singlet-singlet transitions.
all-cis configuration is imposed (Table 7)* although the effects 
of changes in electronic structure of the ligand, upon chelation, 
cannot be disregarded.
table 7.
Chromophoric tc—71* liganda *‘ bands in some metal complexes
(methanol solutions)1.
Complex R ni jjL 
380
(l.crrT^  .n
MnCl2(LH)1 m-methyl phenyl 4.2 x 10^
FeCl2(LH)1 1! 387 3.5 x 10^
CoCl.2(LH)0 3 d
ft 390 1.0 x 105
cuci2(l h)1 1 390 4.0 x 10k
CoL2 1 396 3.8 x 10^
Ni L, 1 39s 2.9 x 104
ZnCl2(LH)1 11 378 3.9 x 10^
CoCl-,(IH)~ 3 2
0-methyl phenyl 360 8.9 x 10^
cuci2(l h)2 p-methyl phenyl 39^ 8.9 x 10^
CuCl^L^ 1 too -
Co L2 n too 4.0 x*10^
Mi L, it 398 41.4 x K T
a. LH stands for a neutral ligand molecule, and 
L for a mono-deprotonated ligand molecule.
Infra -red spectra^^
The Infra-red spectra of the ligand hydrochlorides are all very
similar, the joint features of aromatic rings and conjugated, protonated,
di-imine bridge apparently dominating minor variations. In
anticipation of the studies of metal complexes, when changes in the
N-H vibrations and C=N vibrations are expected to occur, only the
-1
absorption bands in N-H stretching (3100-3500 cms ) and C=N stretching
—1and N-H bending (1300-1700 cms ) regions are presented in Table 8.
The N-H stretching region consists of either up to three broad
bands of weak to medium intensity, or of one strong, very broad band. 
-1The 1500-1700 era region is usually dominated by two strong bands
—"I —"1(width 30-50 cms , at "half-height”) one on each side of l600cms ,
between which a sharp spike at 1610 may frequently be seen.
Sharp spikes between 1500 and 1530, not always- visible, are assumed
to be aromatic-ring vibrations.
Partial deuteration indicates that the strong band above 1600
-1cms has a very large contribution from the N-H bending mode. The
-1strong band below 1600 cms is also modified upon deuteration, a
-1sharp spike at 1590 cms being attributed to the C=N stretching
vibration, a value not unexpected in the light of the high degree of
-1conjugation. The sharp spike at 1680 cms in the R=anthraquinonyl 
compound is assigned to the C=0 stretching vibration.
t>7 -
TABLE 8.
Infra Red spectra of malon-di-imine monohydrochlorides in the 
-N-H stretching vibration and C=N stretching vibration regions.
R -N-H stretch region 
(cms.~^)
C=N stretch region (eras. )
o-methyl phenyl 3440 3370 3110 1633 1603 1303
m-methyl phenyl 34oo 1635 1610 1590 1333 1303
p-methyl phenyl 3490 3330 3180 1630 1613 1390 1313
p-ethyl phenyl 3^50 3380 3140 1640 1615 1590 1310
p-n-butyl phenyl 3430 3380 3140 1630 1615 1385 1310
o-me thoxyphenyl 3330 3190 1625 1390 1315
p-chlor-phenyl 3330 1660 1000 1383 1300
p-iod©-phenyl 3330 1640 1383 1370
o-biphenyl 3470 3330 3220 1623 1383
p-biphenyl 3^23 1660 1615 1393
p-azophenyl 3340 3045 1640 1620
1-naphthyl 3370 1630 1620 1603 1380 1323
1-anthryl 3370 1643 1620
1-anthraqu inony1 3^30 3320 3190 1680 1630 1580
/
Part II :
Metal complexes ..with, neutral li
a. Infra red spectra.
The complexes prepared and their infra-red spectra in the regions
3100-3500 cms.  ^and 1500-1700 cms.*"^  are listed in Table 9«
Although somewhat modified by chelation in the former, N-H stretching,
region, the infra red spectra remain virtually unchanged in the
—1vicinity of 1600 cms. , the two strong bands* characteristic of
the ligand hydrochloride, still being present* although the band 
-1above 1600 cms. tends to be slightly lowered in energy by chelation.
b. Electronic spectra and magnetic moments.
The relevant data is presented in Table 10.
(i) mono-N:N! di(m-methyl phenyl) 1-amino 3-imino propene 
manganese (II) chloride.
Conventional high-spin (S = /2), divalent manganese,
corn[.lexes have magnetic moments close to the spin only value of
5.92 B.M., whereas a magnetic moment of 2.5 - 2.8 B.M. is
110characteristic of low-spin divalent manganese complexes
The observed magnetic moment (^.2^ B.M.) suggests that the 
manganese complex above contains divalent, high-spin, manganese in 
accord with the elemental analysis and the infra-red spectrum.
Some Schiff’s base oomplexes of high spin divalent manganese have 
magnetic moments as low as B.M.^^, and the break down of
magnetic dilution has been tentatively suggested to account for these 
anomalously low moments. Some degree of magnetic exchange might 
be permitted in a binuclear complex witn bridging, conjugated ligands, 
or bridging chloride ions. However, the parent-ion peak in the 
mass spectrum was appropriate for the mononuclear species.
TABLE 9*
Infra Bed spectra of some complexes with neutral
di-imine ligands.
Complex. R. Infra Bed Bands in N-H & C=N stretching 
______________ , regions. Cc^uS"'1)_______
MnCl2(LH)1 m-Methyl Phenyl 3200 1635 1610 1585 15k5 1505
FeCl2(LH)1 n 3200 l6ko 1590 15k5 1505
CoCl~,(LH)0 ti 3250 1630 1590
cuci2(l h )1 u 3180 1635 1585
ZnCl2(LH)1 n 3200 31k0 3050 1635 1610 1595
CoCl^(LH)- o-methyl phenyl 3230 1630 1590
cuci2(l h)2 p-methyl phenyl 3350 3170 1635 1585 1510
NiCl2(LH)2 benzyl 3k20 3330 3275 3260 3170 1610
TABLE 10.
Diffuse Reflectance Electronic Spectra and Magnetic Moments of 
some complexes with neutral di-imine ligands.
Complex. R. ,(B.M. at
MhCl2 (LH) ^ m-Me thyl Phenyl
FeCl2(LH)1 M
CoCl*(LH)_ "
5 2
cuci2(l h )1' "
CoCl^(LH)2 o-Methyl Phenyl
ciBoom Temp.) Reflectance spectra(KK.) 5»K.K,
k.2
Ik A  (sh.)
18.7 (16.^sh. 15.8 Ik.k) 5.5 
12.k 9*8
3.6
k.6
0.5
8
CuCl2(LH)2 p-Methyl phenyl 0.7 
NiCl2(LH)2 benzyl 3*2
18.7 (16.lsh. 15.6 Ik.8 lk.k)
5.6
12.1
16.8
9.8
9.5
a. To nearest 0.1 B.M.
All electronic transitions in the divalent manganese ion are 
18
spin-forbidden , and this may account for the lack of d-d bands 
in the solid-state diffuse reflectance electronic spectrum*
The available data does not permit a decision concerning the 
microsymmetry of the manganese environment.
(ii) mono-N;N! di(ra-methyl phenyl) 1-araino 3-iroiho propene iron (II) 
chloride.
The formulation of the above complex is supported by the 
elemental analyses and the infra-red spectrum. The observed moment 
of 3.6 B.M., which is well below the spin only value of A.9 B.M., 
cannot be rationalised in terms of a binuclear complex, FeCLH)^!^* 
FeCl^, with both diamagnetic and high-spin divalent iron ions, for 
the mean magnetic moment would then probably be of the order of 
2.6 B.M.110
111The Mossbauer spectroscopy data of a quadrupole splitting
of O.78 rains./sec. and an isomer shift of O.63 mfins./sec. are in
reasonable accord with those of 0,?6 m±ns./sec. and 0.90 mitts./sec.,
112recently reported for the tetrahedral FeCI^ ion .
The solid state reflectance electronic spectrum does not permit 
further discussion concerning the microsymmetry of the iron
environment.
(iii)
bis-N.N1 di(o-methyl phenyl) 1-amino 3-imiho propene and
bis-N:N* di(m-methyl phenyl) 1-amino 3-iraiho propene cobalt trihalides.
The electronic spectra and magnetic moments of these complexes
are very similar to each other, and to the analogous malondianil
113complex, prepared by Richards .
The magnetic moments are not appropriate for high spin trivalent 
110cobalt , and the electronic spectra differ radically from those of
either the cis- or trans- Co(III) ions
The magnetic moments are appropriate for either tetrahedral or 
distorted octahedral high spin divalent cobalt. The electronic spectra 
are difficult to interpret. If the shoulder at about 18.3 KK is 
assumed not to be a d-d band, then the highly structured band between 
14-16.5 KK suggests an environment of tetrahedral or pseudo-tetra­
hedral microsymraetry for a divalent cobalt ion. However, the 
intensities of the 18.5 KK shoulder and the 14-16*5 KK band are of 
the same order of magnitude suggesting that the former mi^ht also be 
a d-d band* in which event the electronic spectra are not typical 
for either octahedral or tetrahedral microsymmetries for divalent 
cobalt"1"1^ .
If the cobalt is present in the divalent state, then the location 
of the three chloride ions presents a problem. The conductivity 
measurements performed to estimate the molar conductivity in dimethyl 
sulphoxide gave very variable results due to the lability of the 
complexes. The solubility in other suitable solvents was unsatisfactory.
It is hoped that variable temperature magnetic moments will prove 
helpful in the interpretation of the nature of these unusual complexes.
(iv).bis-NiH• di-(p-methyl phsuyl) 1-amino 3-iffiinc propene copper 
(II) chloride.
110
The anomalously low value of the magnetic moment shows that
this complex is probably magnetically concentrated, whilst the solid
state reflectance electronic spectrum suggests an axially distorted
18
environment for the copper ion , as two, well-resolved, broad bands 
are observed. A planar disposition of the two ligands is thought 
to be unlikely, a Dreiding model indicating that the degree of steric 
hindrance would then be considerable.
(v) mono-N:N' di-(m-methyl phenyl) 1-amino 3-imino propene 
copper (II) chloride.
The magnetic moment of this complex is even more anomalous than 
that of the previous copper complex (iv), whereas the electronic 
spectrum is almost identical, and only the same, limited conclusions 
can be made concerning the nature of the metal environment.
(vi) bis-N:N* di benzyl 1-amino 3-imino propene nickel (II) chloride.
The magnetic moment falls in the range accepted for high spin
110
octahedral divalent nickel , and the solid state reflectance
electronic spectrum is in reasonable agreement with recently reported
data for divalent nickel in an environment consisting of four
112nitrogen atoms, and two chloride ions •
The assumption of a pseudo-octahedral environment for the nickel 
ion in this complex would seem to be a reasonable one.
c. Proton magnetic resonance spectra.
The nickel complex displayed isotropic proton resonance shifts 
which will be presented and. discussed in Chapter Fours The iron 
and manganese complexes gave no detectable signals whilst the two 
copper complexes gave very broad (^50 Hz.; 60 MHz) signals in the 
aromatic (X #3) &n(d methyl proton (X *8) regions ( CDC1-, solutions).
j
The two cobalt complexes gave yellow solutions in dimethyl sulphoxide 
and the broadened spectra consisted of a large signal in the aromatic 
region (X =3). These observations suggest that the cobalt complexes 
may decompose in dimethyl sulphoxide solution.
The spectrum of the zinc complex in dimethyl sulphoxide was 
identical to that of the ligand hydrochloride suggesting that 
decomposition and hydrolysis had occurred. That this complex is a 
valid species is confirmed by the molecular weight obtained from 
mass spectrometry.
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Part III ;
Metal complexes with de-protonated_ligand.
a. Infra-Red spectra.
The absence of any absorption in the JlQO-J^OO cms, region,
•i
the disappearance of the broad, strong absorption above 1600 cms. 
and the sharp-spiked,rather than broad, shape of that just below 
1600 cms. are in accord with the loss of N-H protons (see Table 11.) 
The absence of the expected N-H stretching and deformation features 
in the nickel complex with ligand inclusion is surprising.
b„ Electronic Spec era and magnetic moments.
The bands in the electronic spectra not appearing in samples 
of free ligand are given, together with the room temperature 
magnetic moments, in Table 12.
(i) bis-iminato nickel (II) complexes.
Divalent nickel ions in square planar environments are usually 
110diamagnetic . Although the observed room temperature magnetic
moments are appropriate for divalent nickel in an octahedral or
110pseudo-octahedral environment , the proven monomeric nature of
the R=m-methyl phenyl and R=p-methyl phenyl complexes in chloroform 
solution suggest that the nickel is four co-ordinate.
Whereas tetrahedrally co-ordinated divalent nickel is expected 
to have a room temperature moment between 3*6 and 
distortions or electron delocalisation tend to lower the room 
temperature magnetic moment towards the spin-only value of 2.83 B.M., 
and render the magnetic moment less sensitive to variations in 
temperature. The isotropic proton resonance shifts displayed by all 
the bis (-iminato) nickel (II) complexes in Table 12 provide evidence 
for the existence of electron delocalisation.
table 11.
The infra red spectra of some bis-Iminatojmetal (II) complexes* 
Metal- R. Infra-red bands (cms. )»
Ni m-methyl phenyl 1575(shP) 1515
Ni p-methyl phenyl 158o(shp) 1510
Ni p-methyl phenyl ) 
+ ligand inclusion)
1635(m) 1580(shp) 1570 1530 1510 1505
Ni phenyl;(chelate ring ) 
2:4 methyl disubstituted))
1595(shp) 1550 1530
Ni p-n-butyl phenyl l64o(m) 1570(shp) 1515
Co m-methyl phenyl l6l0(m) 1580(shp) 1550 1540
Co p-methyl phenyl 1575(shp) 1510
Co p-ethyl phenyl l64o(m) 1570(shp) 1515
Cu m-methyl phenyl 1570 s.
 ^a Cu p-methyl phenyl 1590(shp) 1505
a: (CuCl L) .
TABLE 12.
Diffuse reflectance electronic spectra of some bis-(iminato)metal 
complexes and their room temperature magnetic moments.
Metal R. Magnetic a Electronic Spectra(KK).
iMoment 293°K.
Ni m-methyl phenyl 3.2 18.3 11.9 (8.6 6.2)
Ni p-methyl phenyl 3.2 18.5 11.9 (8.6 6.5)
Ni p-methyl phenyl ) 
+ ligand inclusion)
- 17.7 11.8 (8.4 6.5)
Ni p-n-butyl phenyl 3.1 18.2 11.4 (split band 7)
Ni phenyl (chelate ring
2:4 methyl disubstituted) 3*1 15.9 10.2(sh) 8.9(sh) 7.3
Co m-methyl phenyl 3.8 18.3 l6.6(sh) 12.6(sh) 11.1 
8.8 6.8
Co p-methyl phenyl 3.8 18.2 I6.5(sh) 12.6(sh) 10.5
8.9 ?7sh.
Co p-ethyl phenyl 4.3 18.2 l6.?(sh) 12.7(sh) 11.2 
8.9 ?7sh.
Cu m-methyl phenyl 2.0 I8.6 13.0
n b Cu p-methyl phenyl 1.3 18.0 14.5 6.9
a. To nearest 0.1 of a Bohr magneton
b. (Cu L Cl) .
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**>£j,“uxiat distortion or t.H^, tetr&h^djrwi plaoos the nickel ion
in an environment of microsymmetry. The electronic ground term 
. ++ . 3for a free Ni ion is F, and application of the formula for the
18character under rotation
X 0 6  = sin (1 + (with 1 -  3)
s m
gives the reducible representation within the point group of
E 2SA C2 2C2 2 I
7 -1 -1 -1 «1
which decomposes into 2E + B0 + + A0
c i 1 cL
Inspection of Figure 2. shows that the number of observed 
transitions in environments of microsymmetry can be expected to
be larger than in those of T^ microsymmetry (provided that vibronic 
interactions occur). V 2 and are the transitions usually observed 
in complexes with divalent nickel in environments of T^ micro- 
symmetry. Some diffuse reflectance electronic spectra of tetra- 
hedrally co-ordinated divalent nickel have been quoted as consisting 
of = 16.4 KK, , V 2 s= 7KK and a weak feature at about 9»5KK arising
1 1 7
from a spin-forbidden transition .
The complexity of the electronic spectrum suggests a distorted 
environment forthe nickel ion, whilst there is definite evidence 
for electron delocalisation. If the metal ion is four co-ordinate 
in the solid (i.e. not six co-ordinate by association) then the low 
value of the magnetic moments, and the small variation of the one 
moment measured, with temperature, lend support to the suggestion 
of a distorted tetrahedral environment. The form of the crystal 
field expansion for D2d symmetry, is given as an appendix.
table 13.
Variable .Temperature Magnetic Moments (+. 0 « Q3. . BM4*_)
metal=Ni;
T°K
300
263
229
193
156
119
91
jR-p-rnethyl phenyl 
(B.M.).
3.18
3.19
3.19 
3*19 
3.18 
3.17 
3.13
metal=Co; R=p-othyl phenyl 
(B.M.).T°K
300
26^
228
192
158
118
89
3.80
3.79
3.79 
3.78 
3.77 
3.73 
3.72
F
Free
Ion
3t
/N 1
A,
T.
Tdenvironment
E„
3,
B,
E -
3-B,
E
. ,116 axial
D,
3A,
E
B.
B,
E
A.
E
elongation
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FIGURE 2.
(ii). Msj^iminato cobalt (II) complex^«
The magnetic moments are not those expected T u i* ooia-
hedrally co-ordinated or square-planar, four-co-ordinated, divalent
cobalt, whereas they are reasonably close to the value expected for
pseudo-tetrahedrally co-ordinated divalent high spin, cobalt, and
the slight variation of the magnetic moment of the R=p-ethyl phenyl 
*
complex with temperature is in accord with that expected for divalent
110cobalt in a distorted tetrahedral environment
h
The splitting of tne divalent cobalt, free-ion, F electronic
3 18ground term is the inverse of the F electronic ground term of 
the divalent nickel free ion (in environments of tetrahedral micro­
symmetry). The electronic spectra, by virtue of their complicated 
band structure, do not refute the suggestion that these complexes 
have divalent cobalt in an environment of microsyrametry, whereas
they are not in accord with recently published diffuse reflectance
electronic spectra for divalent cobalt in co-ordination with four,
117tetrahedrally disposed nitrogen atoms (18.3 and 9»09 KK) . The 
monomeric nature of the R=m-rnethyl phenyl and R=p-methyl phenyl 
bis(-iminato) cobalt (II) complexes, in chloroform solution, suggests 
that four-co-ordination is more likely than six co-ordination in 
the solid state.
The available evidence suggests that these complexes contain 
divalent, high-spin, four-co-ordinated cobalt, in a distorted.pseudo- 
tetrahedral environment. Further support for this proposed distortion 
is presented in Chapter Four, together with evidence for electron 
delocalisation.
(iii) bis-N.-N* di(m-methyl phenyl) 1-amino 3-imino propenato copper(ll). 
The magnetic moments of copper (II) complexes are not sensitive
to the symmetry'of the metal environment11^, although the high value 
of the magnetic moment of the above complex does suggest that the
metal is tetrahodrally co-ordinated, whilst the electronic spectrum, 
consisting of more than one band, suggests the presence of axial 
distortion^.
(iv) Mono-NiN* di(p-methyl phenyl) 1-amino 3-i.m±no propenato 
copper (II) monochloride.
The low value of the magnetic moment of this complex suggests
tiie breakdown of magnetic dilution11^. The formulation of the complex
is such that the presence of chloride, or conjugated ligand, bridges
is almost certain* by which means the breakdown of magnetic dilution
could occur. The electronic spectrum, consisting of more than one
*18band, suggests the presence of axial distortion
There is no direct evidence for the nature of the symmetry 
of the metal environment.
CHAPTER FOUR.
Isotropic Proton Resonance Shifts in some-
bis (iminato) nickel (II) and cobalt (II) complexes.
CHAPTER FOUR.
INTRODUCTION.
The synthesis of the series of bis-(-iminato) metal (II) 
complexes, described, in Chapters II and III, was motivated by the 
proton magnetic resonance spectrum of a closely related compound,
"I *1 ~y I I P
bis-(malondianilato) cobalt (II) ’ which consisted of two
ragged lines at approximately +1200 Hz and -1500 Hz from methylene 
dichloride at 100 MHz. The low solubility, high power level required, 
and the non-deuterated solvent prevented a detailed study of this 
compound.
The isotropic shifts observed for a series of divalent nickel 
and cobalt complexes with a number of dimethyl malondianil derivatives 
(Figure 1), are presented in Table 1, together with the line-widths 
(hertz : full width, half height) and optimum power level j^ arb.units"]. 
The power required to induce saturation of the proton signal from 
the CHCl^ impurity in CDCl^ is defined as one arbitrary (arbj unit.
Signal assignment, (see Figures 2 and 3)*
The peaks with the largest areas and smallest line-widths are 
assigned to the methyl protons in both spectra (A) and (C). The 
upfield peak, present in (A), but absent in (C) is assigned to the 
para-protons, whilst the downfield peak of area k (taking the methyl 
peak area as 6) in (C), and 2 in (A) is assigned to the meta protons.
The broad upfield peak with a strongly power dependent area (vide 
infra), appearing in both (A) and (C) is assigned to the ortho 
protons.
The far downfield line in (A) and (C) is not observed in (S), 
being replaced by a sharp, intense, upfield peak 2500 Hz (60 MHz) 
above the tetra methyl silane signal. These far downfield lines 
(not shown in Figures 2 and 3) thus arise from the protons,
FIGt Uff £ Q / M £
i—I
r~l
' Crf 
U 
<D 
Ui 
(I)
o
Irroxon magnexic itesonance Spectrum 
of t>is-( di-p-me thyl malondianilato) 
Nickel(H).
T.M.S
CHOI
Proton Magnetic Resonance Spectrum 
of t>is~(di-m-metiiyl malondianilato) 
Nickel(il).
CH-
CHC1-
f
i
g
u
r
e
 
t
h
r
e
e
T
r-l
rHH
-P
rH
+»
-P
>NCL
oo
rS
o o'
CHAM No. 5A
O
O
o
;ox.o
:s»lo-
o
o
o-
ifXo
:as:o
AM
cd
-P
CD£
Oftcd0 £ •H 
S 
•H
1
CO•Hft
OCH
Nft
ovo
fta
id
Ao
a
-pcd
coftft•H
ft03
o
•H
ft
o
p
p
o
CO
H
O
I-±
ft
i
A
✓—\ ooo o
ft . o •»ft- A -ft•» ft OJ
c\j 1
Aft
0
1cdPcdft
A
OIcd
p0S
'—'  O  I— I
O A  O
O- r-t f t
— O- I I"T*
ooo
A  
i — l
ft1 ocd A oSh ft Acd Nw* rHft +
rH 
f__i
O
rH soO- H
A  t I
+
f t1 r-N A
cd A  vo
p rH A
0 ^  rHE i
fti1
o r-v A
f t O  OJ
p o ou rH rHo +
A
f t  f t
X O  0
0 • f t
rH S Oft •H
E II f t
O
O ft
<
O
d.
oo o o
'■£> °  CS- -Pf r-t
s—y H- C-— i
Oo o oo o o
A rHft A o
v' - ' 1 H  
I___ !
O __.
O  IA  I— • 
t>- IA
r* i i+
vo
o o
O  IA^  VO l ,
+
o oA A A  w  O0 I !_1
O O .
O  VO O
H  A  O
H  OJ H
w  + I I
A
ftOIs
ft
PQ
p
rHcdft
oc>
o o r 1
O- VO Ao- t ,
H-
OO _,o ft- |-fo - o
A  O O
rH Al ,AI I— l
^  O ,_,
A  OV I (
A  H
rH .1__(I
^  O   ,
O  f t  I I
rH C\) rH
^  L-J
OOi—I
oo r— i
o  A  
f t  L—i
A
ft
O rH I 0
ft ft otl
ft
o
ft
^  oO Oo o
A  f t - 
4-
O
.A
O
O
VO
O
O
rH
*.
A  0\ 
rH  OJ 
I
Ooo
A
^  o    .
O  A  I * 
A  A  ft
-  T r _ ,
I 1
A  O  O  
A  rHO- I t
I
A
0
s
1
•H
ft
ft
O P ft-
1 rH •• f tft cd OJ 0ft ft
II o ft  o
o II -Hft ft ft
„
ft
$
vO
OJ
+
O  
rH r—I 
O -  
+
Oo
A
rH
+
O
VO
OJ
H
I
O
A
O '
+
whereas the upfield line gt <apx*ro.acitr?a tely 6.3 KHz (60 MHz) above the 
tetramethyl-silane signal (not shown in Figures 2 and 3)j in spectra 
(A), (C) and (E) is assigned to the 3-photons.
The spectra of the related cobalt compounds, (B) and (D), are 
sufficiently similar to their respective nickel compounds for an 
analogous assignment to be made. Two notable differences between 
the cobalt and nickel compounds are the general increase in linewidths 
in the spectra of the cobalt compounds, particularly marked for the 
ortho and 3”Pr°ton signals (Figure *f), and the rather larger isotropic 
hyperfine coupling of the 3-protons and the meta protons, to the 
unpaired electron spin, in the nickel compounds.
Behaviour with variations in temperature, and concentration.
The results of the study of portions of spectra A, B, C, and D
over a temperature range -60°C to +6o°C are presented in Tables 2a
and 2b. The modulus of the shift for all proton signals studied gave
a linear plot against reciprocal temperature (with positive slope).
This indicates that a configurational equilibrium is absent in these
q
compounds. The use of the Curie law temperature dependence ( ^ )
AQ _q
rather than T(exp. -r= + 1) is thus justified.
XvJL
The magnitude of the observed isotropic shifts were insensitive 
to concentration of complex and to varying concentrations of added 
free ligand, eliminating the possibility of rapid chemical exchange.
The linewidths of the signals given by the cobalt complexes 
show a steady increase with falling temperature, giving a linear 
plot against T~^ (°K~^), whereas the linewidths of the signals given 
by the nickel complexes show little variation over a similar 
temperature range.
The magnitude, and alternation in sign, of the observed isotropic 
shifts, suggest that the temperature-dependent Fermi contact inter- 
action is the principal mechanism producing the observed shifts in,r
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all the comploxoq, wteereas the disparity ixv tempojrdtuvo dependence 
of the linewidths suggests that the dominant proton spin relaxation 
mechanisms in the cobalt and nickel complexes differ. If the 
suggestion that the Fermi-contact interaction provides the dominant 
contribution to the proton spin relaxation time in only the cobalt 
complexes, is discarded, then the presence of another temperature 
dependent proton spin relaxation mechanism in the cobalt complexes, 
absent in the nickel complexes, must be proposed.
The assumption is now made that the temperature dependent
mechanism, which dominates the proton spin relaxation in the cobalt 
complexes alone, is the pseudo contact interaction, which implies 
that the cobalt complexes are magnetically anisotropic and that any 
magnetic anisotropy in the nickel complexes is much less than in the 
analogous cobalt complexes.
At room temperature and above the ortho-proton signal in
compounds (A) and (C) give simple broad signals. Upon cooling, this
gradually broadens until at -40°C - in compound (A) only - the line
shape suggests the onset of splitting. At -60°C, in compound(A)
only, the.splitting is 170 Hz (60 MHz). [Figure , whereas, in
compound (C), there is still no sign of an onset in splitting at this
temperature. As this splitting is too large to stem either from a
conventional chemical shift or a scalar (J) coupling the suggestion
is made that the observed splitting is caused by a disparity in the
59
spin density at the two ortho protons , generated by the presence 
of the meta-methyl group. Calculations within the MeLachlan 
approximation, in which the meta-methyl group was treated in terms 
of b>oth inductive and hyperconjugative models (the latter being the 
more appropriate one), gave different spin densities for the two ortho 
positions. The calculations will be discussed in more detail in the 
following section. (
ORTHO-PROTON SIGNAL
Nickel;
R s- m-methyl
Nickel 
R = p-methyl
o
■60 C
h IVE
(
At room temperatures r>ajH,d. ro text inn will lead to an averaging of 
the two different ortho proton signals, whereas at lower temperatures 
rotational averaging no longer occurs.
The dominant delocalisation mechanism.
The alternation in the sign of the observed isotropic shifts 
between adjacent protons, and upon methyl substitution strongly 
suggests the presence of unpaired electron spin density in the 
Tt-bond network of theligands. The non-attenuation of the shift- 
mugnitude wit , proton-metal separation supports the above suggestion, 
and indicates that contributions from electron delocalisation into 
the sigma-bond framework of the ligands and from pseudo-contact 
interactions are of relatively minor importance.
A simplified valence bond calculation places a large positive 
spin-density at the 3-position in pent-1:3-diene (Appendix 1.), 
suggesting that the placement of the unpaired electron in the highest 
filled bonding 7t-molecular orbital (HiB.O.) is appropriate*
Huckel tc-molecular orbitals^ obtained by using the starting
109parameters listed by Streitwieser (see Chapter 3)i give the 
calculated spin densities shown in Table 3*
If the unpaired electron is placed in a particular ir-molecular 
orbital then the "Huckel spin density" at carbon atom i is C03 Locc ^  4
7
In the Meiachlan approximation, adjustments to the starting Coulomb
(tt ) and resonance (3 ) parameters are made of +2 C ^ andr 'rs or
+2^\C C ^  re or os
expressed in "beta" units. Matrix diagonalisation yields a second 
set of Tt-molecular orbitals^ 'P . The spin density (^) is given, over 
pair occupied orbitals (l...n), by
e • I ' W - i l i ' K ' i ' -  w ’l
-2 A  ^2 '2.
SO that p. = c . A- C<. -  2_ C i{
•j « ilsxl J i - \  4
spectively, where A -1 .2, and the adjustments are
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table 3.
Calculated spin densities using the McClachlan approximation,
Molecule ortho-H meta-H para-H meta-CH-,
3
2:4-H 3-H
R=H, H.B.0.a + .048 -.012 +. 046 - -.037 +.332
R=H, L.A.0.b +. 0l6 -.009 + .020 - + .483 -.122
R=m-CH,
3
+.060(o-) -*029 + .077 -.023 -.075 +.279
(Inductive)
H.B.O.
+.0?4(p-)
S=m-CH_
3
(Hypercon.) 
H.B.O.
+.067(o-)
+.045(p-)
-.024 + .188 + .033
m 3)
-.076 + .276
a. Unpaired spin in highest occupied bonding orbital.
b. Unpaired spin in lowest empty anti-bonding orbital.
TABLE 4.
-5
Coupling constants, a^r x 10 hz.
Complex ortho-H meta-H meta-CH^ para-H para-CH^ 2:4-H 3“H
R=m-CH -2.19 +2.94 -0.81 -2.78 - (+33) -15.3
Nickel
R=m-CH^ -3-38 +1.16 -0.84 -2.42 - +43 -6.30
Cobalt
R = p-CH^ -2.14 +2.62 - - +3.41 +44 -16.3
Nickel
R = P-CH-, -2.34 +0.92 - - +1.64 +36. -4.93
Cobalt
(
Since alrh/=> spin dsnsity in a carbon 2pc orbitaH produces a
positive (upfield) shift of an attached proton, and a negative 
(downfield) shift for attached methyl protons, comparison of the 
observed isotropic shifts with the calculated spin densities eliminates 
the possibility of net beta spin on the ligands. The upfield shifts 
of both the 3-proton and 2:4 methyl protons strongly suggest that the 
net alpha spin is present in the highest-bonding n-molecular orbital 
of the ligands, arising from ligand to metal transfer of beta spin.
The large downfield isotropic shifts displayed by the 2:4 
protons probably arise from a concurrent delocalisation of unpaired 
alpha electron spin into the sigma-bond framework of the ligands.
In spectra (A) and .(C) the experimental ratio of the para- 
methyl proton isotropic shift to the para-proton isotropic shift is 
-1.22, very close to that accepted for the hyperfine coupling of 
methyl protons and aromatic protons to unpaired electron spin in the 
Tt-bond network ( +27/-22.3)» The assumption that the observed 
isotropic shifts of the para substituents arise solely from u- 
delocalised electron spin is thus a reasonable one, and enables an 
estimate to be made of the extent of the delocalisation.
Substitution of theobserved isotropic shift for the para- 
proton into
where a'N
T!
■22.3 gauss x
2 3 ’ *
\J s 6 x 107 Hz
para K
3 = 0.9271 x 10 erg gauss
K = 1.38 x 10~16 erg. 0K~1
para
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7Comparison of this with the MeLachlan calculations, give, an estimated 
electron/ligand ratio of between 3$ and 10%', for the m-network.
Taking the (T-contribution to the isotropic shift of the 2:4 
protons as =§=■ -18 KHz at 303°K and 60 MHz, and using a coupling
constant of +307 gauss, the unpaired electron density in the <T-bond 
framework at the 2/4 carbon atom is 0.00274 giving an additional 
electron/ligand ratio rather larger than 0.3$, the unpaired electron 
density in the Cflframework at the nitrogen atoms being rather greater 
than at the 2:4 carbon atoms.
The coupling constants for the spectra A, B, C, D, given in 
Table 1. are listed in Table 4. The equation used, with a^ in
c. p. s., is
A V =  -a,,. 2np V  g. S(S + 1).
- f p  aV I K T
This equation is preferable to the one used previously, as the
conversion of a^ in c.p.s. to a^ . in gauss, utilising the isotropic,
73free-electron value of g, is inappropriate in these systems .
Symmetry allowed delocalisation.
The microsymmetry of the metal environment will be assumed to
be appropriate for the point group:
D~. £ 23. C0 2C0 2 <T,2d_____ ._____+_____2 2_______d_______________________________
1 1 1 1 1 z2
A- 1 1 1 -1 -1 R2 z
1 - 1  1 1 - 1  x -yc
B2 1 -1 1 -1 1 Tz xy
E 2 0 -2 0 0 T^,Ty; Rx , (xz,yz)
The four 2p orbitals of "tcm symmetry with respect to the chelate ring 
(one per nitrogen atom) transform as
r
PTC
— 93 t
which decomposes into + E, showing that unpaired electron
2 2
spin in the 3d x -y , xz and yz metal atomic orbitals is permitted, 
hy symmetry, to delocalise into the ligand 7t-bond system.
The four orbitals of ”<5~" symmetry with respect to the cnelate 
ring (one per nitrogen atom) transform as
P
or
S 2S4 C2 20,' 2<rd
^  b 0 0 0 2
which decomposes into + E, showing that unpaired electron
. _  2spin m  the 3d z , xy, xz and yz metal atomic orbtials is permitted, 
by symmetry, to delocalise into the ligand <J"-bond system.
The possible distribution of electrons in the metal 3d orbitals
are:
Ni Co
jj _k|—  d - C L ---4 ^ 2.
- 4 — b* 0- — A— ba «-
— p  — 41—  Ip, — 4 — bi ■ H
— a 4 -— 41—  — 4k—  Vtr— a-i
(a) (b) (a) (b)
The similarity between the cobalt and nickel proton magnetic 
resonance spectra suggests that the ordering of 3d atomic orbitals 
in (a) above is appropriate for the latter, giving the same number 
of unpaired electrons, symmetry allowed to delocalise into the ligand 
Tt-bond system, as in the cobalt case. The fact that an unpaired 
electron in a metal orbital of "symmetry” is permitted (by 
symmetry) to delocalise into both the ligand Tu-bond and (T"-bond 
systems lends support to the suggestion made, concerning concurrent 
"tc” and "CF" electron delocalisation.
(
The presence of an unpaired electron in a metal orbital of b^ 
"symmetry" in the cobalt complexes does not appear to make a 
significant contribution to the observed isotropic shifts. This 
may, perhaps, be rationalised by the observation that the 3d^y atomic 
orbital is neither coplanar with, nor perpendicular to, either 
chelate ring,
Instantaneous overlap between a hydrogen Is atomic orbital of a
proton attached to a rotating phenyl ring and the 3d metal atomic
xy
orbital might be expected, giving a downfield contribution to the 
observed isotropic shift. The upfield shift of these protons between 
the nickel and cobalt complexes shows that this direct overlap 
effect, if operative at all, is small.
Comparison of isotropic shifts in analogous nickel (II) and cobalt (II) 
complexes by ratio procedures.
For the results of this section to be meaningful the following 
assumptions must hold:
a. The nickel complexes are magnetically isotropic,
b. The delocalisation mechanisms in the nickel and cobalt 
complexes are identical.
c. The pseudo contact interaction is operative in the cobalt 
complexes.
d. The proposed geometry is reasonable.
e. The phenyl rings and methyl groups undergo unrestricted 
rotation.
f. The g-tensor is axially symmetric in the cobalt complexes.
The prop'Osed geometry is shown in Figure 6. and programmes,
allowing for variation in M - N bond length, N - M - N bond angle 
and the angle made between the phenyl ring rotation axis and the
symmetry (S^) axis of the molecule, giving rotation averaged values
( .
u ■ 
:
1.11
1.380 1.11
1.46 1.49
i
The above diagrams depict the geometry used in the 
one and two axis free rotation models, in which large 
variations in o( * (*> * and M:1T were allowed for.
F i f a v M ' E  S i x
of 3 cos 6-1 for All aromatic substituents have been written, 
r^
where 0=the angle made between the metal-proton vector, and the 
axisj and. r is the length of that vector. If the pseudo contact 
shift of a given proton in a cobalt complex is X, then those of the
other protons may be expressed in terms of X using the ratio of the
2 71geometric factors (3cos 6-1) appropriate for the chosen geometry
' V  "
Adjustment of the experimental shifts in the cobalt complex by the 
appropriate *X! expression give residual values whose ratios should be 
equal bo the appropriate ratios of the observed (contact) shifts in 
the nickel compound. This is the "factoring procedure", and the 
results from it are given in Table 3.
Another, similar procedure, the "delocalisation ratio procedure" 
involves expressions, for the isotropic shifts of a given proton site, 
of the form:^
Ah°£s = kAh°’“s ‘ + P(T, gfl, gj) x f (8,r) 
where f(0,r) = geometric factor.
For a given pair of compounds, IC, P and the proposed geometry will 
be constant, and the various expressions can be solved for K and P.
The results cf this procedure are also given in Table
The two procedures give similar values for the pseudo contact 
shifts for a given proton signal, and give reasonably constant values 
of K and P, and, separately, of X , for a particular pair of compounds. 
The geometry producing these "best-fit" conditions is (see Figure 6.)
Co - N : 2r2§; a = 90°; {3 - ^0°; compound B
Co - N : 2*2%; a = 90°; £ = Mf°; compound D
This involves considerable axial elongation, and distortion of the
chelate ring, and indicates that the assumption of unrestricted
rotation of the phenyl rings may be erroneous, due to steric hindrance 
between the ortho protons and 2:*+ protons.
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TABLE 3»
Mean values of estimated jjseudocontact shifts (Hz; 50 MHz)»
R = Meta=Methyl;Cobalt R=para-Methyl Cobalt.
Procedure para
-H
me ta 
H
raeta ortho 
Me H
3-H para
Me
meta
H
ortho
H
3-H
Geometric 
Factor Patio
+130 +863 •'H'J0! +lif30 -3200 +?if +ifOC -+-643 -2300
Delocalisation
Ratio
+139 +800 -H4Z +1330 -3 ^30 +90 + W +780 -3030
K = 1.22 P =-2.^ x 105 K = 0.9^ P = “1.33 x 105av av av av
TABLE 6.
Estimated values of the g-tensor (assumed axial).
Averaging R = m - Me: Cobalta R=p-Me : Cobaltb
Conditions
sll g_L gii ~?L S l\ g_L Su - gj
2.6 b 1.31 + 1.13 2.37 2.00 +0.57
Ti, t «  iTc 2.94 1.23 + 1.71 2.70 1.92 +0.78
Imaginary
Solution
Imaginary
Solution.
a
' 2  2 
g|j +.2SL
3
= 1.98 b 2 0 2 + 24kr-
3
2 = 2.21
The vo.lt]as of p obtained are used ab eon juncfelon with the 
observed magnetic morr.en.i-., to ©a td mate gjj and , assuming three
different sets of averaging conditions. The equations used are 
73set out below , and the results are presented in Table 6.
4 » ” P = P*. (eg + gj,Hg|| ~gj_) Averaging
* 3-
Tc.^ ^ 9n ~SlO $  ^  P = P ’. (3Sjj . + ifgjHg,! - gj^ ) Averaging
19ii ~ 9l) P  H  V'- r c P = F'. (gj + 2gj^)(gn - gj^ ) Averaging
9 c.
*av “ js "(*t + 1) P ' - S - 3/2
„  - 1 - • d
The non-solvable equations resulting from application of the averaging
(c) indicate that, in there cobalt systems, the relation ti^ > T  c
does not hold. Using the Debye Formula
r-r-' = Air 'h 7^ ~ viscosity
C 3KTy r = radius
with y  » 0.006 poise and r = 6a, a value of TT = 1.3 x 10”^  secs
*12at 30°C is obtained. Values of T- -* of ICf secs have been quoted
dp
for divalent, octahedrally co-ordinated cobalt, so it appears likely 
that the relation T i,e «  will be appropriate.
The values obtained for the anisotropy energy (g^ - g ^  |3H'fcT1
are of the order of 10M secs”^ in which case averaging condition(a)
appears more likely to apply, particularly for the Px=m-Methyl
complex. The Boltzmann distribution between the electron spin
levels can be maintained during the rotation of the molecule under
averaging (a), the anisotropy energy providing a time dependent
11perturration which is not weak in these circumstances. Jesson 
has pointed out that the average result over rotations is the same
as that for a solid which has a fixed orientation relative to an
(
external field (Appendix.2.)
For constant values of the hyperfine coupling constant, a,T, the ratioXm
of the contact shift of a particular proton signal in analogous 
cobalt and nickel complexes may be expressed as 
* Co Co
A Vi 6'avxj-75 „Ni .
  with S = 1A V Ri EHi x ?
1 aT SC° = 3/2
The results of using this ratio are given in Ta.le 7- and are seen
to be at variance with the contant shift in the cobalt compounds,
predicted by the procedures using the geometric factor. Agreement
between the two sets of predicted contact shifts can be brought
about by a reduction in the value of a^, which could arise by a
reduction in the degree of delocalisation of the unpaired electrons
into the highest filled bonding tc-orbital or by concurrent delocalisation
into the lowest empty antibonding orbital.
The analogy with a spin-doublet free radical, and the appropriate 
choice of r?SM.
This discussion is prompted by the use in the literature of the 
equation
A Hi = 4Vi = -aT>T. 'i) e . g..__ p S (S + 1)
V X N KT
in which there is no indication that S, (S in the denominator)den
and S (S in the numerator) may differ. The McConnell relation
num
in the form
aN " ^ ? i has presumably ;:een used, the factor
~ 2*.$
of 2S being factored out leaving a f^ T = Q p  The choice made for
S and S , would seem to depend on how far the analogy with 
num den
aroma.tic spin doublet free radicals is drawn.
The choice of S * S , = i would imply that each ligandnum den £
can be regarded as an isolated spin-doublet system containing one 
net unpaired electron, the value of g&v providing some influence
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o - H 
m - H 
p - H 
m-CH^ 
p-CH^ 
2:*f-H 
3 - H
TABLE 7.
Predicted P.M.R. contact snifts in Co(II) complexes 
(Ha; oOMHz) using g_ Sg (Sg +1) (S^ +1) ratios.
R - m-Me; Cobaltc R = p-Me; Cobalt
Calculated "Pseudo- Calculated "Pseudo­
contact shift contact" shift contact shift contact" shift,
+1600 
-2270 
+2160 
+ 622
-39,800
+II850
+ 960 
+l^^ -0 
- A30 
-22
+8,800 
-7350
+1850
-2255
-29^0
-37,700
+1^,050
+ 50 
+1505
+1610
+8,6oo
- 10,000
Ratio = 1.66 S 3/2; SM - 1 b : Ratio = I.85
C l'l
g„ = 1.98 gN = 2,2k gr = 2.21 gN = 2,2k
(
- -LU± -
— J ± —
from the bound metal ion by means of g a /S <3 + 1).
■ °av -v
While still assuming non-interaction between the two ligands
(Sden - "J)» the presence of themetal ion may be included by letting
S = the total unpaired electron spin in the molecule (S /^~ S , ).num a ■ * num ^en
If all the electrons permitted by symmetry to undergo delocalis­
ation into the ligand m-system are considered to delocalise over both 
ligands, then, for cobalt (II) and nickel (II) in environments of 
lh>d symmetry, = 1 and S = 3/2 and 1 respectively.
Finally the molecule may be treated as a single unit with 
^num = ^den = unpaired electron spin*
That the value of S should reflect the total number ofnum
unpaired electrons seems clear from the derivation of,the theory, 
which includes the time average value of < o  for the whole molecule. 
When calculations giving the spin density distributions in carbon 
2Pz orbitals, in single molecules^are used for comparison with 
experiment, and the Q values for aromatic doublet free radicals 
employed, then 2S^en = 1 is probably satisfactory. The inclusion of 
S in the denominator is misleading.
The power dependence of the proton signals.
The high power level required to saturate proton signals from
sites close to a paramagnetic metal ion, has been observed by other
workers . The data presented in Table.1. and Figure 4. demonstrates
the general rule in these complexes, that protons near to the metal
give broad P.M.R. signals, requiring a high power level before the
onset of saturation. This is in accord with an increasing value of
i with decreasing separation (r) from the metal, where T? is the 
2
proton spin-spin relaxation time, and the dependence is of the form 
^/T'2 cC r~^ for the nickel complexes, and ^ f o r
the cobalt complexes (vide sup'ra). The dominant contributions to the
.102 -
value of Tg are dipolar interactions between a proton and the 
unpaired electrons at the metal site, although partial electron 
delocalisation will make any interpretation in terms of point 
dipoles an approximate one*
The line width of the 2:^ proton signal is of the order of
105 Hz., whereas that of the ortho proton, in the nickel complexes 
2
is 10 Hz.., although the mean separation of the ortho protons from
the metal is less than that of the 2:k protons*
The behaviour of the 2:k protons in the particularly soluble 
(CDCl^) R * p-n-butyl; ftickel, complex at 100 MH&. (Varian: HA 100) 
is shown in Figure ?. This signal was far more prominent in this 
complex than in those listed in Table 1. and expansion of the spectra 
enabled the relative line widths at various power levels to be 
measured. A 30# reduction in line width over the power range used 
takes place (100 - 1000 arb. units). The line saturates at higher 
power levels.
This phenomenon of narrowing at high power level is discussed
by Abragam, and has been observed by Solomon for the protons in 
ini
liquid formamide. Attention is called to the similarity in bonding 
between the 2:k prutons.and the unique proton in formamide, although 
further discussion concerning the mechanism or mechanisms involved 
in the nuclear for the 2:k protons must be deferred until variable 
temperature and double resonance experiments have been performed.
The general "resistance" to saturation of the P.M.R. signals 
in this class of compounds was exploited when the product of an 
attempted synthesis was a tar (a mixture of diamagnetic and para­
magnetic species). The P.M.R. spectrum was recorded at small power
intervals between low .power ( 1 arb. unit) and high power
100
(
'
S
E
V
E
N
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(10Q arb. units) keeping sweep rate, chart, speed and spinning speed 
constant* Considerable^ and frequent re-adjustment of phase and 
leakage controls proved necessary at high power levels, the former 
proving extremely troublesome.
A tar containing free ligand and some J3=p—ethyl; Cobalt, complex 
was dissolved in deuteriochloroform and examined in the manner 
described above (Figure 8). Signals of approximately equal intensity 
at low power are seen to differ considerably in intensity at high 
power levels, the disparity becoming noticeable at, or above, a 
power level of one arb. unit. The signals which continue to "grow” 
at the high power levels are assigned to the paramagnetic species.
For the example shown in the Figure (8), the assignment is confirmed 
by the P.M.R. spectra of the pure complex:
TABLE 8.
Isotropic proton resonance shifts in the
cL
R = p-ethyl; Cobalt, complex .
Proton Isotropic shift (Hz) 60MHz.
Ortho +2,600^
meta -708 {bZ)
-CH2 +159 (20)
-CH, -3^1 (20)
2 : k- -27,860 ( 1200)
3 . 4-^ 410 ( 6p0)
a. Difficult to record - very high power level required.
b. Under sidebands.
(
{ bC6-[cU-p--tEUjt dZcurtilaXo] coso-ub t U ./^ )
FI Gr U R g • A . F
at Z o / e  H^:.E t & H T
L£V£i_.
v " " X  '
\i/
X-MC.13.
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Tars arising irom the attempted syntheses of the following 
complexes were also examined :
bis-(N:Nf di methyl; N:N' di-ethyl; N:N* di-iso-propyl;
N:N* di-tert-butyl; N:N* di-cyclo-hexyl 1-amino 3-iraino propenato) 
nickel (II).
In the P.M.R. spectra of all of these tars, at least one 
saturation resistant peak was found. However, as no 2:4-proton or 
3-proton signals were found, any compounds of the required class 
were considered absent.
Attenuation of spin density along an n-butyl chain.
TABLE 9.
Isotropic Shifts in the R=p-n-butyl complexes (34°C; 60MHz).
Protons Nickel Cobalt a
ortho +993 (110) +1915 (400)
meta -1143 (12) -764 (33)
2 : 4- -20,600 (930) -27,100 (1600)
3 - +7440 (50) +4383 (160)
C. CH2- -1157 (15)°*’ -901 (75)
(CH2>2 -40; +18; (20)b* +79; +139 (35)
-CH^ -129 (25)C* +21 (4o)
/ \ line-width 
(dz) (Hz)
x line-width 
(da) (Hz).
a. Spectrum of Tar; many sidebands from alkyl chain.
b. Mean diamagnetic chemical shift of 9.17 .
c. Assigned on basis of intensity at ^/3 arb* unit power.
In assigning these signals, appeal has been made to the work of 
Eaton^0 in which the dominant effect for the first -CH2 was that of 
hyperconjugation, which attenuated considerably through the other
two -CH2 groups. The unexpected magnitude of the downfield isotropic
(
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shift of tho tormlnal methyl group was explained, by partial, direct 
overlap Detween the hydrogen Is orbitals of the methyl group, and 
the para-carbon 2p orbital.
2 j
The signals obtained in the study of the above 3 = n-butyl; 
nickel, complex allowed a similar assignment to be made.
The positions of the ortho, raeta, 2.:k and 3-pi'oton signals in 
both the nickel and cobalt complexes are in close agreement with 
their R-p-Methyl analogues. All the alkyl protons display an 
upfield shift between the nickel and cobalt complexes suggesting 
that the arguments for the geometry and pseudo contact shifts of 
the 3=m-Methyl and 3=p-Methyl Cobalt complexes would be likely to 
apply to the R=p-n-butyl cobalt complex. A pure sample of the 
latter could not be obtained, preventing a quantitative comparison 
between the nickel and cobalt 3=p-n-butyl complexes.
Attenuation of spin density into a second phenyl ring.
(i) The R=para-phenyl; nickel complex.
The attenuation of spin density into a second aromatic ring has
22been observed by other workers . It may be explained by the 
related reasons of low double bond character for the inter-ring 
C-C bond, and the non-coplanarity of the two rings.
The behaviour of the Huckel spin densities as the angle between 
the two rings increases from 0° to 90° is presented in Table 11.
The anticipation of altenuation enabled the following assignment 
to be made:
(
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TiiBLS 10.
o,Isotropic shift in the R = p-phenyl; Nickel complex- 3k C. (60MHz) 
O +991 (1+5) [75]
m -1083 (l+O) £65]
o’ +376 (85) [70]
m 1 .91 (45) [65"]
p' +100 (4o) [65I
2*4 - -20,840 (1170) [93I
3- +7520 (40) [76}
Hz . IIzl . . arb.
(line) units.
(width)
TABiiE 11.
Attenuation of Huckel .Spin Density into a second aromatic ring.
Angie of Rotation Huckel Spin Density
of second ring. First Ortho Position
ratxo gecon(j ortho Position.
0° 1.75
10° 1.77
20° 1.82
30° 2.00
k0° 2.29
50° 3.1^
60° 5.78
70° 19.7
80° 200
90°
Exp. Ratio = 2.6*f
Comparison of the experimental data with the Huckel calculations 
suggests that the average angle of rotation between the first and 
second rin^s is between k0 ° and 50°*
(
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(ii) The R=o-phenyl, Cobalt (II) complex*
If the reasonable assumptions of very restricted rotation about, 
the N - phenyl bond and rather restricted rotation about the phenyl- 
phenyl bond are made, then a static diagram (Figure 9*), coupled 
with the further assumption that this cobalt complex has a behaviour 
similar to those previously described gp ; net alpha spin in
ligand 7T-bond system), permits estimates to be made for the direction 
of the isotropic shifts of the aromatic protons.
TABLE 12-
Isotropic Shifts in the fi=o-phenyl; Cobalt, complex. 34°C
(60 MHz).
Proton Isotropic Shift (Hz)
2:4- -27»940 (1200)
3- +4,510 (230)
5:9- -402 (110)
6:8- -135 ( 80)
7- +144 ( 40)
1 0 - +1602 (105)
11:13 - -926 ( 53)
12 - +323 ( 40)
Of the six signals obtained within i 2KHz from the chloroform 
reference signal, the two largest upfield shifts and largest downfield 
shift are assigned to the o-prcton, p-proton and m-protons respectively 
of the first phenyl ring, taking a mean chemical shift of the 
aromatic protons in tne diamagnetic species at 15Hz downfield from 
chloroform (60 MHz).
' Of the three remaining signals, the narrowest will arise from 
the proton most remote from the metal - the para protoh 7* Of the 
two remaining signals, the furthest downfield shift should belong to
H  I C r  V  K  i£ N i N E .
p R  £ D I C T £ D  X S O T R O P I C  S h i P T S
-|^ or tho.
R  =  o  -  p h e n y l  j C o b o . i t  c o m p l e x .
r*
PoirVts a b o v e  d o t t e d  i m e  hat/£. p o s i t i v e  
I v c u S u e s  o{ 3 c o s 3, Q  ~ _iL
L r *
/
b/
4- : Up|-ve(dL C O N T A C T  
(V) : U f ^ U i d  P S e U D O C O M T f l C T  s K l ^ t
(
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the 6:8 protons, having downfield contributions, from both contact 
and pseudo contact interactions (within the limits of the provisos 
already mentioned). However, the line widths suggest that this 
signal (-*402 Hz) stems from a proton site nearer the metal, a 
larger downfield pseudo contact shift outweighing the smaller 
upfield contact shift. The assignment is made using the line 
width evidence.
The effect of p-chlor substitution.
The P.M.R. spectrum of the R=p-chlor; nickel, complex is very 
similar to the R=p-methyl, p-butyl complexes and does not permit 
any comment on the effect of chlorine subolitatic at this position, 
other than that it is minimal. (Tables 1 and 13)*
TAbLE 13«
Isotropic Shifts R = p-chlor; Kickel complexes. 3^°C (60 MHz).
Proton Isotropic Shift.
2. : k - 
3 -
o - 
m -
Isotropic shifts in a related bis-imine nickel complex.
The complex in question is the bis (N:N' di-benzyl 1-amino 
3-imino propene) nickel (II) dichloride, the electronic, infra-red 
and F.M.R. spectra of which are very different from those of the 
other nickel complexes discussed in this chapter. The isotropic 
shifts referred to chloroform (Hz; 60 MHz; 3^ 0) are:
- 20,690
+7,580
+1,060
-1,21*4-
(
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-6050 +
2000‘A + 77
+ 9,930b*395
93
a. Under sidebands
b. Extremely difficult to record* Power level
300 arb. units needed. Very broad ( 300 Hz)*
Factors contributing to the radical difference in the pattern of 
the isotropic shifts could be the protonated state of the chelated 
ligand, and a different microsymmetry of the metal environment.
The large upfield isotrorjic shift suggests that delocalisation of 
electrons into the ligand Tt-bond system is probably symmetry allowed.
(
CHAPTER FIVE 
A spectroscopic study of two hydrazine 
derivatives and some of their transition 
metal complexes.
-  114 -
a - Electronic spectra and conformation of the ligands*
The flexibility of ligands, similar in type to the potentially
multidentate di-(o-amino 1-methyl benzylidene) hydrazine - AZ and
120MeAZ respectively - has Deen discussed by Stratton and Busch . 
Mechanical flexibility is most likely to arise from ready rotation 
about the N - H bond, in which case a low tt bond order would be 
expect--d for tnis bond.
1 07
Simple Huckel M.O. calculations were performed upon o- 
amino benzaldimine, in order to establish the model most suitable 
for use in ensuing calculations upon the hydrazine derivatives.
The models chosen were those in which the nitrogen atoms were 
considered to be entirely equivalent* partially equivalent and non­
equivalent. Since the last of these led to the greatest resonance 
stabilisation energy, this was adopted for the hydrazine derivative 
calculations.
A simple Huckel M.O. calculation was performed upon MAZ" using 
107the parameters a = 0, a (adjacent to N) = 0.05, a.T (amine) s=
C C JN
1.5, a T (azomethine) = 0.5, 3 = 1* j3 (azomethine - ring) =In 00 CO
0*9, 3 (amine) = 0.75 and 6 ,T (azomethine) = 0.92. The m-bondciM ' Civ
orders resulting from the calculation on AZ are given in Figure 1.
Attention is drawn to the low n-bond order of the N-N bond* despite
the use of the use of 0.7 for the Streitwieser K parameter for this
bond, which is close to that used for the C - N bond.
The electronic spectra of the two hydrazine derivatives in 
methanol and cyclohexane are given in Table 1., together with the 
five lowest energy theoretical transitions, calculated from the 
aoove Huckel model. Attention is drawn to the very poor agreement.
On the basis of minimum steric hindrance, a planar structure, 
belonging to the 02^ point group, was chosen as the model for a
Coulomb integrals, C = -11.16<lV, N = -20.4llV ; resonance integrals, 
C - C » 2.45«-V , C - N (amine) = 2.6 2-\/, C - N (azomethine) =
The molecular orbitals transform as either the A or | ■; irreducible
u g
representations of the point group, all electric-dipole allowed 
transitions being polarised in the xy (molecular) plane. Application
electric dipole allowed transitions are expected between approximately 
280 and 830 mjiX (Table.2), in which region three strong transitions 
are observed. The effect of including configuration interaction 
between the eleven lowest lying singlet configurations is shown 
in Table 2.
Since no large improvement of the calculated transition energies 
in the 280-650 mp,region is obtained by configuration interaction, 
the effect of removing the parity restriction (Laporte rule) was 
investigated. This implies a molecular geometry that is non- 
centrosymmetric, and could arise by the rotation of one of the 
phenyl groups through l80° to give a planar molecule belonging to 
the Cs point group. All molecular orbitals now transform as the A” 
irreducible representation.,, and all transitions are electric-dipole 
allowed, polarised in the xy (molecular) plane. These are seen 
(Table.2.) to be in much better agreement with the observed electronic 
spectrum of AZ.
Apart from the molecular conformation belonging to the Cs 
point group, the inversion centre could also be lost by rotation 
about the N - B bond. Rotation of l80° about this bond gives
2.5A/ and N - Ji = 2.55Z-^» The above parameters, and the elements
obtained and evaluated according
I08to Nishimoto and Forster'
of the laporte106 and symmetry selection rules106 shows that no
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a planar structure belonging to the G^  poini; group (Figure 2.b.) 
which is &teri<?ally unfavourably particularly for MeAZ. Non 
co-plananity of the two phenyl rin . s would result" from partial 
rotation about the N - N bond and a structure of this type cannot 
be excluded.
TABLE 2.
Singlet-singlet transitions from P.A,p. calculations
< A u|x*y|Bg)  | x,y | A'*)
No configuration Fartiala * No configuration
interaction (mja,) C.I. (mji ) interaction (nijl/O.
858 889 898
Zlh 282 388
261 263 322
2^ -0 2^ +1 280
210 207 27^t
20  ^ 261
a. Configuration interaction between eleven lowest singlet- 
singlet transitions.
b. Magnetic Momenta and Electronic Spectra of the Complexes.
The magnetic moments and the solid state diffuse reflectance 
spectra are presented in T^ble 3*
The magnetic moments of the bis (AZ-inato) cobalt (II)
dihydrate and copper (II) tetrahydrate complexes both fall
110within the accepted range for divalent cobalt and copper in 
environments of approximately octahedral or tetrahedral micro­
symmetry, whereas the magnetic moment of the bis (AZ-inato) 
nickel (II) dihydrate, being below the spin only value of 2.83 B.M 
is unlikely to occur in a pseudo octahedral metal environment, 
but could possibly arise by a large distortion from a tetrahedral
- 118 -
environment, t-ogetiier with, a large amount of electron delocalisation^^*
.A ps>eudo octahedral metal environment could arise from a 
polymeric structure, with water molecules occupying the vacant 
sites above and below the buckled, "planar" polymeric structure,
(Figure 3*) which, if water molecules do not contribute 
significantly to the co-ordination, by itself would provide a 
distorted, flattened, pseudo tetrahedral metal environment.
The electronic spectra do not permit firm conclusions 
concerning the approximate symmetry cf the metal environments 
of these complexes, although the simplicity of the observed 
spectra, (for the nickel and cobalt complexes) is in sharp 
contrast to tne complexity of those of the bis-iminato complexes 
described in Chapter Three, for which a highly distorted pseudo- 
tetrahedral environment for the metal ions has been reasonably 
well established.
The dichloro complexes of Co (II), Ni (II) and Cu(ll) with 
MeAZ, have magnetic moments which are appropriate for the divalent 
metal ions being in hexa-coordinated environments, although 
that of the cobalt complex is a little high^^.
These complexes could also have a structure similar to 
that in Figure 3, with either water or chloride involved in 
completing the hexa-co-ordination. The increased steric hindrance 
provided by the methyl group (compared to a hydrogen) may be, 
in part, relieved by the fact that the amine nitrogen is now in 
sp^ hydridisation, allowing the amine protons to be out of the 
"plane” of the nitrogen and metal atoms.
The electronic spectra of the nickel (II) and copper (II)
dichloro complexes with MeAZ do not refute the suggestion of
18
hexa-co-ordination , whereas i^ hat of the cobalt (II) dichloro
- 119 —
TABLE 3*
Reflectance Electronic Spectra a * and. Room Temperature Solid 
State Magnetic Moments of complexes.
mono (AS - inato) complexes. mono (MeAZ ine) dichloro complexes.
Co(II) Ni(II) Cu(II) Co(ll) Ni(Il) Cu(ll)
18.3 20-23 17-20 19.4 23-2^
16A l6.*f
16.1
r M 13.0 12.8 14.9 11.if lif.3
1^-3
7 A 8.3 8.3 9.3(sh) 10.3
3 A
11=4.6b .M. ^t=2,7B.M. 3.33.M. fl=3.2B.Mi. =1. 9^
a. d-d bands only; quoted in Kilo Kaysers (1 K.K. = lO^cms.”^
complex with MeAZ is not typical for divalent cobalt in a
18pseudo-octahedral environment , although its complexity may, 
perhaps, arise from axial distortion.
Infra-red spectra.
The infra red spectra of the free ligands show two bands 
in the region 3200 to 3500 cms. (Table.4.) which appear to be 
due to the symmetric (lower energy) and asymmetric stretching 
vibrations of the aromatic -NH^ group. Upon chelation the 
absorption pattern in this region becomes very complicated 
(Table if.) and the assignment of bands uncertain. This is rather 
surprising, since the closely related bis-(o-amino benzaldiminato) 
complexes of Ni(Il), Co(Il) and Cu(II) have very sharp, simple,
absorption patterns close to 3300 cm.
(
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The C=N~ stretching vibration has been reported in the
^ m
region 1626-1640 cms." for comparable Srr,iff's bases, and at 
-1
1631 cms. for pyridine -2-aldazine. Consequently the very
-1 —1sharp, strong bands at 1632 eras. (AZ) and 1625 eras. (MeAZ)
are assigned to the C=N- stretching vibration. The lower 
energy in the latter case probably arises from the replacement of 
H by CHV on the azomethine carbon atom. This band broadens
j
and shifts very slightly upon chelation.
(
- 121 -
table *fa.
0 •Infra Red spectra *_ of AZ and mono (AZ-inato) metal (II)
complexes.
Co(II) Ni(II) Cu(II) AZ
3^33 (s) sharp 3^33 (s) sharp 3^0 (ra) broad 3^ +80 (v . s.) sharp
3310 (m). sharp 3310 (m) 11 3290 (s) sharp 3290 (m)
3273 (s) i f 32^5 (s) broad 3273 (s) tt
3230
3215 (s) I t 3215 (s) sharp 3210 (s) broad
3183 (s) I I 3183 (s) 11 3180 (s) sharp
31^0 (s) I I 3133 (s) i i
l630(v.s,)sharp 1630(V .S  .,)sharp l630(v.s,.)sharp 1632(v.s.)sharp
loQ5 (m) 11 1610 (m) i t 1610 (m) i t 1613 (v.s.) "
1380 (s) 11 1380 (s) i t 1373 (s) 11 1600 (s) "
1363 1570 1380 (s) n
1303 (s) i i 1503 (s) i t 1503 (s) i i 1333 (s) "
1^93 (m) m 1^93 (m) i t 1^93 (m) 11 1^95 (v.s.) ?f
- 1c. in 3100-3300 eras. and 1300-1700 cms.  ^regions only.
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A synopsis o f jthe underlying theory of Huckel and P.P.P. calculations.
Molecular orbitals ^  , of conjugated and aromatic systems, may be 
formed by linear combinations of the atomic orbitals of JV symmetry ( ^ y ) ;
~ •‘fr c  v S^i->
'"here runs from 1...AX...n for an n-atora system, ‘fhe energy may *be 
expressed as < ^ I ( A - | ^ >
'f ' I ^  >
= | v  V c» c^ S S /^v
where ^  I ffl'l 4 v ^  j i/t
ThUS E  /^ - C^ Cv'^ u-1'= ^  <7U-CV
Minimising the energy with respect to each of the coefficients in turn 
(Variation Principle) gives a set of n secular equations:
*^ 1 Cy CH/ulV - E  Syuv ^ =■ O  where y = 1 ...yw....n
These equations will have a non-trivial solution,if the determinant of the 
coefficients is equal to aero:
I H/u-v — H I = O
In the Huckel approximation, the equations are simplified by Hie following 
means;
1. o ifyU^V and S ^ =  1.
2. 0 if and not directly bonded to each other.
r
3. For conjugated and aromatic hydrocarbons, H^is assumed to be the 
same for all atoms,and i3 called the coulomb integral,^, and H^is a constant 
called the resonance integral,(i, for directly bonded atoms.
k* ^ v =  0 when^andynot directly bonded.
For hetero-atomic systems,changes inot and^ are usually expressed in
terms of«d and ft , taking benzene as Hie reference molecule:
G \ C-G
Ot + \ $
X c x C-G
(\ = k $
\ n„x c-x<cG-X C-X(C-0 where h and k are parameters.
determinant of a,b,...r,s,...k spin orbitals (^): ^
then the energy,3 =
with. 11 = Z 2C + X  (4r\ +y
t ^ ) nn
c
where II  ^ is the core Hamil.tonian, cons is ting of* the kinetic energy operator
Uj
(“h" ^  the electron-nucleus attraction terms for electron i, and V
nn
is the nuclear repulsion term,gives:
e = 2  H c *2
r=<v rr K>s
*ere <  ^ U ) ^  q) ( | f r It), Cj) 3
and are the coulomb repulsion ,and exchange repulsion integrals.
Suppose that Hie Slater determinant wave function does not give the 
lowest energy for Hie ground state. There is then some other function,say
which has a lower energy. Assuming that c ^  where c^ is small and
d>_ is orthogonal to the set <j>^ *.....
4/  * \ jj.\) <fbCx) ■ ■ ■ ■ 4-  C+ I <jf>t£0 • •• <A<v'i )
• S' + % Hi*CK
(neglecting normalisation factor).
The condition that'p shall be the best wave function requires that c^ is zero,
at
p = h £ + ^ k ? y c y y j ) | - ^ | ^ c o  i ^ l n ;  I i a) ?t <# )
at at ^   ^ ^
If F is to be zero for any spin orbital, not just it is necessary that 
the ^ b e  eigenfunctions of an operator J  , such that I </'bV “ °
idiers J- ** H + ]E L J s - J i f)
lHj( fsch )
7 ^  y < ^ C c ) ^ c p | 7t | f h 0 ^ ( j ) >
J U
C \
Thus F = E s +  z c r rt.
rr r
VC K - * «
xuts exgtij.iva.xufc} a  o x  *T  lucxy u e  u a i x e u  uue ux u x  uo,j. o«
K
Z
5~«*
.: z  e  = ^  H rcP * 2  Z U . S  - K..Vr _ 1 ' <*- <2tf*x(X cn.
Since E  ~ ^  ^ 5- ) **
<x l“VS
and £  ZVrt- O  = 'i  CT« '  ^r  01s "  1
E  = t  — x l CTf-s — ^ sV ^ V kk
r - <x r> <
For a closed shell configuration,each orbital being occupied by two electrons 
with opposing spins,
e 5- z Z  H^r + Z Z  Cx j^s — krs^ K^v%
r h>s
= K k  +  5  { * ' < & & )  f a s )  lpc.| < ^ / h A ci)>
^  5r <x v 0
— <C<£ak'> ‘/ d b  11^:1 <fs ^
'J
E =  h L +  i  ( 2 T - 1O  = E
If the best, self consistent field,orbitals are to be represented by the 
L.C.A.O. approximation, -then
V  = H/*v -  f A f  f  cr  V s  « V * >  sy u) 6^ ) >
— <(&(*.Ci) 8f> C I -^7. | (9<r £0
The;. S.C.F. orbitals for a closed shell systemin this form,are then solved by 
an iterative process, since T^ v? depends on the wavef unctions through -the
coefficients C and C , using the set of equations
”  ^ s C ^ v - e y ^ ' 0
and solving them by means of
I F>v - £  V v I = C>
In the P.P.P. semi-empirical treatment, four parameters are used: 
ft fAfx , (bound atoms only), ^ 9  where c j
X^aV  r "T^y - K/uVj S ^ v  = O  ; $yu.^Ae I -
■bond - analogous to y  in the Huckel theory* However, is a more precise 
quantity, being related to the ionisation potential, I ^  , by
where z^ is the charge on an atom ^  i.e. the difference between the nuclear
charge and the <T -electron charge. Calculated values of ^ tj>for r ^ V  2,8A are
©
reasonably satisfactory, whereas those for r^p <12.8A. are usually obtained 
empirically.
For the process
• • #. ©  (2)
c + C — ^  G +- C
Energy R.H.S. = 21^ + V,
Energy L.H.S. = 21 yw.
Energy change =  = Iyu.- Ayu. ,
Y/here and A p. are ihe valence state ionisation potential,and the electron 
affinity.
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